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ABSTRACT 


The metabolites of Cyathus helenae have been sep- 
arated by chromatographic methods. The following compounds 
have been isolated from the crude extract called cyathin: 
chromocyathin (3), patulin (14), cyathin By Cog sees) 


cyathin Ce (Co Hs 695) 4 allocyathin Ay (Cols 04) + cyathin 


By (Co 9H5 094). cyathin A. (Coo H3 903), allocyathin B. 


(Cc and cyathin A, (C5 pH 3994) - Patulin was iden- 


2028s) 
tified by spectroscopic methods, chromocyathin was shown 


to be 2,4,5-trihydroxybenzaldehyde by spectroscopic methods 


and by synthesis. 
O 
O 
HO CHO j 
e me 
Hows on O- OH 
S) 14 


Theestructuremof ‘allecyathin Ba, which exists 
in solution in equilibrium between the tautomeric forms 
AQ and 41, was established by spectroscopic investigations 
of the parent compound and of its diacetyl and methyl 


ketal derivatrves# 
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The spectroscopic data suggested that the keto 


form of cyathin A. has structure Aa. This was confirmed 


3 


by correlation of.cyathin A 


with allocyathin Ba via the 


3 
hydrogenation product jQ. 


These assignments were confirmed by X-ray analy- 
Sis which also established the relative stereochemistry of 


the hemiketal form of cyathin Ay ase A 6. 
CH | 


46 oes 


It is believed that the other C compounds also 


20 


possess the novel diterpenoid carbon skeleton rk 
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Iv + INTRODUCTION 


In 1965, Brodie discovered a new species of 
fungi growing in the Canadian Rocky Mountains!, He clas- 
sified this fungus as belonging to the class Basidiomy- 
Cetes, subclass Homobasidiomycetes, order Gasteromycetes, 
pombly Nidulariaceae: (Bird's nest fungi), genus Cyathus, 
and gave it the name Cyathus helenae. This strain was 
found at an altitude of 7,000 ft near Mountain Park, 
miberta, and was.given the number 1,500 (Brodie Herbarium 
number). Subsequently C. helenae was also found at the 
following localities: Gillam, Manitoba; Drumheller, 
Alberta; the banks of the Miette River near Jasper, 
Alberta; and Elmore County, Tdaho-. Only cultures of 
strain No. 1,500 were used throughout the work described 
in this thesis. 

Olchowecki? succeeded in growing C. helenae 
in culture and obtained monosporous mycelia. He then 
investigated the mycelial characteristics and sexuality 
patterns of this culture and in the course of these inves- 
tigations observed that a haploid culture of C. helenae 
No. 1,500 exhibited antagonism to a bacterial contaminant. 
Following up this accidental observation, he found that a 
substance (or substances) produced by C. helenae affected 
the growth of a number of unidentified as well as identi- 


fied bacteria. “Tests were then carried out with other 
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SpeciesnomCyatiiiss aCiietriatichy Cohn limbatuss Tul: and 
C. poeppigii Tul. showed similar bacteristatic activity, 
whereasnc.® padtwiduenberkie cki.Curtey, ce bullerit Brodie, 
C. berkleyanus Viile jeiioydaand iO% stebcoreusiedSchwel). De 
Toni did not. Olchowecki suggested the adoption of the 
name: "cyathin" to refer to the antibiotic substance’ or 
Substances produced» by C. helenae, C. striatus and other 
species of Cyathus. 

Tye Ob Wilkins® had reported that C. striatus 
produces antibacterial substances. However, these were 
not further characterized. 

Olchowecki carried out what might be considered 
the first chemical experiment of cyathin: autoclaving for 
10 minutes at 120°. After this treatment it retained its 
biological activity, suggesting that its chemical constitu- 
ents; are. heat (stable. 


Tohru Wee 


continued to investigate the anti- 
biotic activity of C. helenae and recorded an antimicro- 
bial spectrum using a large number of microorganisms 
(actinomycetales, gram-positive and gram-negative bacteria 
and Sune including "“dermatophytes"). Cyathin was found 
to be active against the majority of these. 

The method devised by Johri to isolate the anti- 
biotic substance(s) from liquid cultures is still in use 


to date: the mycelium is removed by filtration and the 


broth is subsequently extracted with an equal volume of 
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ethyl acetate. The activity of cyathin is assayed by a 
paper-disc agar-plate method® uSing Staphylococcus aureus 
as the test organism. The diameter of the inhibition zone 
iSeandicative ofthe antibiotic: activity ofthe material 
tested and thus can be quantitatively related to the con- 
Centrattoncoythe*antibiotic,in the particular.solution. 

At this point, it became desirable to charac- 
terize cyathin chemically. For this purpose large quanti- 
ties of active substances were needed. These were obtained 
by growing the haploid strain No. 1,500-102 of C. helenae 
in a number of 500=,)17000—0r: 27800-ml.Fernbach.fiasks 
(about) 20,atealtame),».cach.beingwfilled with.200,.400 or 
1,000 ml of liquid medium, respectively. Originally a 
modified Brodie medium was used: dextrose, 20 g; yeast 
Se iect2. mo pospebadine, 0.2 Gan peptone, .0.2Zag;eglycerol,, 
CATO KH5PO,, 0.549% Ca(NO.), 4H,0, OF Scie MgSO, hy hel 
O75 gz Fe, (SO,), trace; distilled water to make 1 liter. 
Later a chemically defined medium was substituted: dex- 
trose, .80iq;) asparagine, .1.5.9; KH, PO, 4 LieOu ge Ca(NO,). 
Zu 


Z 4 w} 4 V2 
thiamine hydrochloride, 0.15 g; distilled water to make l 


4H O, 6.0. 5eg3 MgSO Orne Sngum 2nSO,4 °42H,0y) Oa eongs 


bh tex. 

It was soon realized that the yields of cyathin 
both. in.terms..o£. biological, activity and yweight of crude 
extract varied from batch to batch. Moreover, the compo- 


Sition Of the extract was far from constant?’ some compon- 
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ents present in early extracts were not observed in later 
ones and new components were observed. The failure of 
the fungus to produce the desired material consistently 
has been attributed to changes in the chemical composi- 
tion of the medium, and particularly to a phenomenon 
Saaded, “sectoring!;,1.e. micro- and macroscopic morpholo- 
gical variations of the mycelium, whose genetic basis has 
not been determined. This phenomenon had been previously 


23 : : 
i sone souademeduar 


observed by Olchowecki 
gonri>’® undertook an exhaustive study of the 

chemical and physical factors influencing the growth and 

metabolism of the fungus, with the goal of optimizing and 

Secabilizingnihesyyieid of the entxbrotite*comphexy i sStatic 

culture was compared with shake culture; the composition 

of the medium, the hydrogen ion concentration and the 

hours of light and darkness were changed systematically; 

the influence of various micronutrients, vitamins, carbon 

and nitrogen sources was evaluated. The tests were car- 

ried out in 125-mi Erlenmeyer flasks as culture vessels. 

To date, the knowledge gained from these investigations, 

however, has not been applied to large-scale production. 

It seems that with time the yields have become less reli- 

able. An undetermined factor such as genetic stability may 

be responsible for the problem. It should also be mentioned 


that a number of different people have been involved in 
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the production of the cyathin complex at different times: 
Dr. B. N. Johri of the Botany Department, University of 
peverta Dr. A. Daal butt, mM, Ouellet amd *PiaYao of this 
Department; and Dr. C,.- Vezina of Ayerst Laboratories, 
Montreal. The changes in yield and composition might in 
Pate-be due to this. 

Because of technical problems and our lack of 
expertise in the area, it has not been possible as yet 
to produce large amounts of crude cyathin. Partly for 
this reason, our knowledge of the constituents of what 
ope been called ™crude cyathin", "cyathin complex”) or 
"antibiotic cyathin" has advanced rather sporadically. 

The purpose of the work reported in this thesis 
was to separate and characterize the active constituents 
of the cyathin complex and to determine their structures. 

Four examples of metabolites isolated from 
fFongal sources are-Liusted, In’ the-Chart.| “Pwo Vor hthese are 
well-known antibiotics: penicillin G (nice produced by 
Penicillium notatum, biogenetically derived from amino 
acids, and griseofulvin ae produced by P. griseoftulvun, 
derived from acetate units: The «antibiotic LL-2Z12710 
eee produced by an unidentified Acrostalagamus species, 


ee 


and diacetoxyscirpenol Ce , produced by Fusarium sambu- 


cinum, have terpenoid structures. 
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It 1S apparent from this brief list that 


produce a wide variety of metabolites. Therefore, 
to be prepared to encounter compounds belonging to 
class of natural products when we first started to 


tigate cyathin. 
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Il. RESULTS AND” DISCUSSION 


Characterization of Crude Cyathin 

A dark-brown ethyl acetate solution of cyathin 
containing some undissolved material was received from 
the Botany Department in May 1968. After removal of the 
peeoauble Waterial by giltration, evaporation of the sol— 
vent gave material which we shall call "crude extract", 
weighing 3.68 g. Solubility tests with small samples led 
to the following results: the material was soluble in 
methanol, ethanol and acetone; partially soluble (as 
judged by the fact that the solvent became colored) in 
Sy2OroO10rm, methylene chioride and ether: insoluble in Skelly- 
solve B (a mixture of saturated hydrocarbons, bp 65°C) 
and water. Considerable amounts of a sample were also 
soluble in dilute sodium hydroxide solution; however, it 
seemed that the material decomposed in alkaline solution 
Since, with time, the solution took on a number of dif- 
fexvent colors, 

"Partially purified material" was obtained by 
boiling the crude extract with a large amount of ether 
(0.58 g/600 ml ether) in the presence of charcoal, remov- 
ing the insoluble fraction by* filtration; and Chen rémov- 
ing the solvent by evaporation. Microanalysis of the 
residue gave the following results: C 63.9%; H 7.23%; 


NO, 5s: O 2c,4o> (by ampli reaction): “The eamoune of Nitrogen 
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appeared negligible; on the assumption that no elements 
other than carbon, hydrogen and oxygen are present, the 
following gross molecular formula results: (C. 3H, 59) 9),- 
The.low value for nitrogen excluded the possibility that 
the antibiotic substance is composed Se alkaloids or pep- 
tides. 

The "partially purified material" was subjected 
to routine spectral measurements. Both the ir and nmr 
spectra showed broad absorption bands, suggesting that 
the material was still impure. The ir, however, did show 


mh 


hydroxyl and carbonyl absorption,.(3200 -. 3500, .1720 cm 

The mass spectrum showed a base peak at m/e 154. 
Rie uLtravaolet,spectrumawaSavery icharacteristic, ,in 
neutral ethanol there were absorption maxima at 241, 281 
and 355 nm. These were shifted to 256-and 358 nm in 
dilute cthanolic sodium hyadroxide.. .Such behavior is typi- 
cal of phenols, a conclusion that was supported by the 


fact that the material gave a positive ferric chloride 


test. 


isolation and Structure of Chromocyathin 

Although the substance which gave rise to the uv 
absorption was not necessarily the biologically active 
one, it was decided to first isolate this component, since 
10 Was easy, (by uv)" to locate 1t in individual fractions 


during the separation procedure. It was later found that 
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monitoring of the fractions by physical methods was in 
fact more useful than by biological methods, since a num- 
bercofocomponents in thesextract sgave positive biolagical 
vests Santhese were, (therefore, wot useful sguidesi:to purity. 

The substance possessing the uv chromophore was 
called chromocyathin. Preliminary tests had indicated 
that it was a phenol, and it should thus be possible to 
purify it by ordinary acid-base separation. 

Sueh treatment ;vhowever; gave rather poor results, 
probably due to the material's instability in alkaline 
solution. Pure chromocyathin could not be obtained in 
this way. 

Separations of solids may be effected by selec- 
tive removal of a component from a mixture by crystalliza- 
tion or precipitation. Such methods are at best only semi- 
systematic and were therefore considered unsatisfactory. 

The more modern chromatographic techniques seemed 
more appealing since attempts at separation can be pursued 
more methodically. Gas chromatography was studied briefly 
but was soon abandoned because of the lack of volatility 
of the extract material. 

Liquid-solid chromatography, both column (sol- 
vent descending) and thin-layer (solvent ascending), was 
explored next. Polyamide and alumina were not employed 


as adsorbents since the uv spectrum of a methanol solu- 
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tion of the crude extract changed drastically on contact 
with these adsorbents. This indicated that chromocyathin 
decomposed or was so polar that, after contact with these 
adsorbents, it could not be eluted from them. When a 
Solution of the crude extract was stirred with silica gel, 
the uv spectrum remained unchanged. This adsorbent there- 
fore appeared well suited for chromatographic separations 
and has been used almost exclusively for all subsequent 
work connected with the cyathin problem. 

The crude extract was subjected to column chro- 
matography on silica gel or silicic acid (the latter being 
a Silica preparation of smaller grain size than the former), 
and the fractions eluted were monitored by uv spectrometry. 
It was found that on silicic acid the solvent system 
chloroform-methanol (98:2) separated chromocyathin most 
selectively. However, by employing preparative thin-layer 
chromatography (ptlc), crystalline chromocyathin could be 
obtained more conveniently, as was shown by Dr. A. D. 
Allbutt of these laboratories. 

This material was further purified by recrystal- 
lization from acetone~heptane. Chromocyathin proved to be 
rather insoluble in chloroform, and it was subsequently 
found that rather pure chromocyathin could be obtained by 
simple trituration offtjhe total nude extract with chloro 


form. 
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The analytical sample was prepared by sublima- 
tion, followed by crystallization from methanol-chloroform, 
to yield yellowecrystals;Uipe 26-2192 <decven The: pure 
material had essentially the same uv spectrum as the crude 
emuract: ete (methanol) 241,282,350 nm. The peak at 
m/e 154 in the mass spectrum of the crude extract proved 
to be the parent peak of éhromocyathin. Exact mass deter-— 
mination of the peak at m/e 153 showed that this ion had 


the composition C H.O,i consequently, chromocyathin has 


Zi 


the molecular formula CoHEO, 

| The nmr spectrum, determined in hexadeuterioace- 
tone, consisted of three sharp Singlets at 6 6.42, 7.14 

Brod 9.75, the ratio of the integrated areas being 1:1:1. 
The two former peaks are characteristic of aromatic and the 
fatter of aldehydic protons. Since the aromatic protons 
show no coupling with each other, they must occupy para 
positions of a benzene ring. The remaining three protons 
appear sometimes as broad bands at 6 3.5 and 11.1; at other 
times they could not be detected. This was taken as an 
indication that they were present as hydroxyl protons. 

tt follows, that chromocyathin must be 2,4 ,5-trihydroxy— 
benzaldehyde (>), a compound first described by Gattermann 
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This assignment was confirmed by synthesis 
according to Scheme I, which was accomplished without 


difficulty since all reactions are well documented: 
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Use of the troublesome cyanide reagent was sub- 


25 LS 


sequently avoided by following a procedure published by 


H. Gross et al: 


i)HC (OEtls, ACs CHO 
i)HO, HC ido, Ha 


Mass, ih, nmr and uy spectra of natural and 
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synthetic samples were indistinguishable. Both samples 

also had the same melting point 216-219° (reported ete 
however, Since melting was accompanied by decomposition, 

the melting behavior was not considered an absolutely 
reliable characteristic. 2,4,5-Triacetoxybenzaldehyde was 
therefore prepared as a derivative using standard proced- 
ures. Recrystallized samples of the natural and synthetic 


series both melted at 114-115° (reported 115°28 


) a ere 
melting point of mixed samples was not depressed. 

Thus, the-structure of chromocyathin is unequi- 
vocally established as 5. 

Both* natural and synthetic p were found to pos~ 
sess some biological activity (Appendix 1). A proposed 
biogenetic pathway to patulin CL Ae: a metabolite of 


Penicillium patulum, is outlined in Scheme rr.1? 


ft is conceivable that chromocyathin (2) ave 
tutes a biogenetic intermediate between gentisaldehyde 
(12) and the ring-opened compound 13. It is therefore 
tentatively suggested that chromocyathin is derived bio- 


synthetically from acetate building blocks via intermedi- 
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Chromatographic Separation of the Cyathin Constituents 


yonere?! 


has shown by a method called bio- 
autography that chromocyathin was not the only active 
principle of the crude extract. Consequently, we turned 
©un actention to the chioroform=soluble portion of cya- 
thin. Spectral examination indicated that this portion 
was heterogeneous; thin-layer chromatography on silica 
gel indicated that themxture was indeed complex. 

Ligquid-solid chromatography was chosen to bring 
about separation of the complex mixture; we restricted 
ourselves to the use of silica gel (or silicic acid) as 
adsorbent; both thin-layer and column chromatography 
were employed. 

Initrarty, @Oen mMetnous Were Usecdato efrect a 
POuGn separation. Later On 1t became apparent that=col- 
umn chromatography was more economical and less skill- 
demanding; it therefore became the preferred method to 
achieve preliminary separation of the complex into crude, 
Pactdally puLwelred traccLOns. 

As mentioned earlier, the yield and composition 
of the cyathin extract varied from batch to batch. Approxi- 
mately 20 such batches were produced during the time of 
my association with the problem. The details of the 
separation of a few of these cultivations are given in 


the Experimental section. 
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Hn Oreaer, tO .ODbtain fractions, consistent to at 
reast some degree, they were grouped according’ to polarity 
(im the Sense of chromatographic mobility). Cyathin Bo, 
chromocyathin, and cyathin Ay (terminology described below) 
were constituents of the crude extract which did occur 
with a high degree of regularity and served as reference 


compounds. Ordinarily, cyathin B, was the least polar and 


3 


cyathin A, the most polar (except for nonmoving material) 


4 
component; chromocyathin is of intermediate polarity and 
‘is readily detected by its distinctive uv spectrum (as 
well as by other characteristics). Components with a 


polarity similar to cyathin B, are placed in group I, those 


3 
Weeds DOLabI Cy sitar tO -cliromocyathin, in group Itl, and 
those with a polarity similar to Cyathin A, in GLOUupD-V. 
Components with intermediate polarities constitute groups 
II and IV. Solvent systems such as benzene-acetone-acetic 
aero 70s 202 -) 5), «ch LOroLorm-mMetnanol (90:10) Wily erate dae! 
acetone-Skellysolve B (3:2) (N), when employed with silica 
gel tlc plates, were found suitable for separation of the 
cyathin components. These solvents were used to determine 


the polarities or R,-values (distance travelled by test 


E 
component/distance travelled by solvent front) of the 
cyathin components. 


Column chromatography was carried out on silica 


gel (A0parcs adsorbent: . part Ccyathin).7 Chloroform 
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(containing the amount of ethanol present in the commercial 
PLOGUCE, .0.J5%)5,, Chiorolorm—meéthanol (98:2), (G),-and chloro— 
form-methanol (95:5) (H) were used as eluents. The elu- 
tion process waS monitored by tlc and the individual 
fractions were assigned to one of the five polarity groups. 
Constituents of groups I and II were eluted by chloroform, 
those of groups III and IV by solvent system G, and those 
Sregroup Viby BY 

Ptlc on silica gel G impregnated with an inor- 
ganic phosphor was employed as an alternative method to 
effect initial separation of the cyathin complex. Benzene- 
dioxane-acetic acid (100:25:1) (A) and benzene-acetone- 
acetic acid (75:25:1) (C) were used as developing media. 
Bands corresponding to the various constituents were 
detected under short-wave uv-light (254 nm). An example 
of both separation methods is given in the Detailed 
Experimental. As mentioned earlier, the crude extract 
UGnOfavartalle composition, and therefore the separation 
results dzffer from batch to batch. 

Fractions obtained from an initial separation 
Gften constituted mixtures (groups If, Till and: IV) or 
were at least still impure (groups I and V). Ptlc was 
employed, sometimes repeatedly, to achieve further puri- 
fication. A fraction was considered chromatographically 


pure Wf 2 gave rise to only one Spot ton tle. It should 
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be "noted that chromatograpiiic purity tS not “identical 
with absolute purity; material pure according to chroma- 
tography might still be heterogeneous by other criteria. 

Chromatographically pure substances were sub- 
jected to high resolution mass spectrometry (hrms). Their 
molecular formulas were found by determining the composi- 
tion of the ion which gave rise to what appeared to be 
the parent peak. No attempt was made to confirm molecular 
formulas by microanalysis, Since it was uncertain whether 
the samples would meet the stringent requirements of 
purity, and since the amounts of sample available were 
often limited. 

Most of the components of cyathin turned out to 
be of the composition CO 08K y The following system of 
trivial nomenclature has been adopted. Compounds where 
x = 30 are called cyathin A, where x = 28, cyathin B, and 
Where, x 2060, CYathin Cc. /Tie™-valuevor ty appears™as”a~sub-— 
SCLipte acter the Capital letters "e.g. cyathin Ce is 


& Isomers of the first isolated cyathins are 


2082695: 
placed in the allo series; e.g. both cyathin Ay and alio- 
evyathin Ay have the molecular formula C59 4390: 

Table I lists the constituents which have been 
isolated from the crude cyathin extract. 


The mass and ir spectra of cyathin Bay allo- 


cyathin Ayr cyathin Cer cyathin By and cyathin A, are 
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reproduced in Figures 1-10. Spectra of cyathin Ce and 
cyathin Ay were provided by the courtesy of Dr. A. D. 
Allbutt. It should be understood that the samples were 
not necessarily chemically pure. However, the spectra 
might be useful for future reference. Cyathin A. TS 9not 
included here, since it will be discussed in more detail 
below. 

Patulin (le) recognized by its mass, ir, nmr 
and uv spectra, was isolated from two batches grown by 
the Ayerst Laboratories. It is possible that its occur- 
rence may be due to contamination of the fungal culture, 
although this remains to be proven. The fact that chromo- 
cyathin may be an intermediate in the biosynthesis of 
patulin opens the possibility that the growth conditions 
used by the Ayerst workers were sufficiently different to 
Cause transformation of chromocyathin into patulin. dt 
should also be noted that no chromocyathin was isolated 


from the two Ayerst preparations. 
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Mass spectrum of cyathin C. 


Figure 5. 
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3i 3 
i) "A,-Mixture" 
A substance similar in polarity to chromocya- 


thin was detected in most cultivations of Cyathus helenae. 


Wien Lractitoner liek groupetid) eiromsthéecrudenchromatogras 
phic separation was subjected to preparative thin~layer 
chromatography on silica gel, this substance was obtained 
in chromatographically pure form (single spot on silica 
gel tlc). The mass spectrum had the parent peak at m/e 
318, the exact mass corresponding to the composition 
CoH 3903- According to the convention outlined earlier, 
the substance was called "cyathin A". 

Reactions such as acetylation, catalytic hydro- 
genation, and sodium borohydride reduction were carried 


outcewlthe "cyathini A “sreresultingianathe, formationsoftthe 


5 
corresponding acetylated, hydrogenated, and reduced pro- 
ducts. As was the case with "cyathin A," itseliprnone 

of the derivatives were crystalline except for small 
amounts of one of the hydrogenolysis products obtained 
from-acetylated “cyathin A". The absorption bands in 
the ir spectra always appeared rather broad, and the mass 
spectra showed many peaks which were difficult to inter- 


pred. (C.G., peak at Moos The nmr spectra could be 


analysed to some degree but usually showed some anomalies. 
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Also, the spectra were not always reproducible; 
in one particular case, the mass spectrum of the diacetyl 
derivative of "cyathin A," failed to show the previously 
observed parent peak at m/e 402 (318 + 2 x 42), but gave 
an apparent parent peak at 400. 

These facts suggested that "cyathin A," was not 
homogeneous. | 

When the nmr spectrum of the diacetyl deriva- 
tive was carefully reexamined, it was found that a complete 
analysis of those signals which are well defined was pos- 
Sible, if it was assumed that "cyathin A," was a mixture 
of two compounds: compound A and its dehydro derivative, 
compound B. The 220 MHz nmr spectrum is reproduced in 
Pigures il andgiZ2. Signals dttributed to compound A are 
analysed in the lower row; those attributed to B, in the 
upper one. tin. this particular instance, the ratio. of 
amounts of Compound A : compound. B.is approximately 1}: 1, 
as estimated by the integration of the peaks. More often, 
ie was. in the range of 2:1 to 4:1, the compound giving 
rise to the two additional signals y and z being the minor 
component. 

The mixture then became known as the "A,-mixture", 
consisting of a major component A. and a minor component 
Ag'. 

When analytical tlc experiments with "A,-mixture® 
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Figure 11. Spectrum of the diacetyl derivative of the 


A,-mixture (CDC1,) 
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Figure 12. Portions of the expanded 220 MHz nmr spectrum 


of the diacetyl derivative of the "A,-mixture" 
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were repeated, it was found that two spots of different 
color could be observed on the chromatogram if the detec- 


tion method (spraying with 30% H SO, followed by heating) 


2 
was followed carefully. (If not observed immediately, the 
original two spots merged into one black, somewhat enlarged 
spot.) These overlapped so much that a useful separation 
could not be accomplished. The more elaborate techniques 
of multiple or two-dimensional development, as described 
by Seana | did not lead to appreciable improvement. 

Ln natural ~product chemistry, -chromatography .on 
Silica gel impregnated with silver nitrate has been used 
to separate compounds with isomeric double bonds*t, Com- 
pounds in which the double bond is more exposed (monosub- 
Stituted > disubstituted > trisubstituted > tetrasubsti- 
tuted) are more strongly adsorbed by the argentated silica 
gel due to t-complex formation; the differing degree of 
adsorption is exploited for separation. Similarly, an 
unsaturated compound is more strongly adsorbed than a ea 
rated compound of the same series. Reference 22 gives an 
exanpLe from, bheesteroid field. .aing Lipidvchemistry,, chro- 
matography on argentated silica gel is a standard method 
for .separating,.fatty acids: of differing degrees of unsatu- 
Lation, Ot Cis and. suans <1 somersyot fattyaacsdsi.\.) Both 

Be 


column and thin-layer chromatography“ * have been used. 


These reports led us to anticipate that a much 
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improved separation of the "A,-mixture" would result from 
chromatography on argentated silica gel. Consequently, 
Meme fiLecbiveness ofsanalyticabletilcfion)siticar gedwimpreg— 
nated with 1%, 2%, 5%, 10% and 25% silver nitrate was sys- 
tematically investigated. Separation of the two compounds 
of the NA,-mixture" was improved in this order: however, 
the spots resulting from chromatography with silica gel 
impregnated with 25% silver nitrate were ill defined. 
Silica gel impregnated with 10% silver nitrate appeared 
‘to be the adsorbent which gave optimal results and has 
been used for all subsequent chromatographic work, both 
for analytical and preparative purposes, uSing either 
column or thin-layer chromatography. 

The influence of a number of solvent systems on 
the quality of separation was also investigated. A chart 
published by Neher*> was very helpful in correlating the 
polaciclesiotr ds Cienuen tesolvent? systensestvcetone 
Skellysolve B (3:2) (solvent system G) appeared superior 
to systems such as ethyl acetate - Skellysolve B (3:2), 
or acetone - ether (3:7), when used in the tle work. 

Keeping in mind that theory predicts that the 
less polar component would be the more saturated one, it 
can be concluded that the component corresponding to the 


spot with the higher R,-value should be the major compon- 


£ 


ent A. , whereas the minor component A,' should have the 
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lower R,-value. 


¢7value Ou oc he 


was 0.60; that of -the minor component 


Under.optimal.conditions, the R 
major component Ay 


a, D.ol.. eSuchea: difference in. ther R--value.shoudd,be 


C 
sufficient to allow easy preparative separation by both 
thin-layer and column chromatography. 

For analytical purposes, the same detection 
method (spraying with 30% H,SO,) as for ordinary tlc was 
used. The component with the higher R--value takes 
longer to develop a color. At first the spot is rosé-red, 
then gradually turns black. The slower-moving component 
stains much more rapidly and its color is much deeper, a 
dark purple-blue. The difference in intensity gives the 
impression that the more polar material is the major com- 
ponent. However, the fact that it chars more rapidly must 
be due to, the additional unsaturation. 

Inttaallywno report ofpe pnondestructiyesdetec- 
tion method in connection with tlc on argentated silica 
gel could.be found winithesliterature. .,.Separation,by.col- 
umn chromatography was attempted. Using Skellysolve B - 
acetone (3:1) (M) as.a developing solvent, the R,-value of 
the two components was of the order of 0.05. This solvent 
should have the right elutropic power to effect separation. 


When the experiment was actually carried out, it 


was found that solvent system M was still too polar and 


n a . H 
i 
ij 
7 a ay 
i Lea a 
‘ — fa 
4 
x ; 
p a Mi 
; ee { 
ay Bore + of #9 a y ® Lap f ¥é 
7 ike ie he ot 8 ‘ 4 ¥ all iat ' 
acy j 
., & p 
oy , 
' t ' { 
4 on, if ‘i { 4 
Mie 
‘ 
‘ 
4 wa 
5 
7 
en hy Ay: 
‘ ~ 
j ; 
I ’ (\ 
” y 
j ; 
‘ , 
F Ph tof ¥, 
a Sait A 
¥ rg 
a : a 
ORNS m 
tan ul Gf } : y 
f » a 
' q ay i 7 
> Lh a _ ~ ae 
a iy hus \ oi | 
La ve ee ar 
H aL 
oF y? 
bi aime 
n <— = ri all ped a A 


“1 ny 


ois yet nner hel we) lett oe hs ii ihe ye “ist ch es ie 
Pe ME TRAN ah inne aT aie ea 


Sorin rme Pe ss _- > i 


: : 
¥ j ' # 
- * ) en ie: i> i alt mag ' 
} * f @ VS) UE) adie ele BW ity 7 J * J 
q re / ¢ 


SZ) 


no separation was achieved; when Skellysolve B - acetone 
7:1 (K) was used instead, a number of fractions was 
obtained containing the major component in excellent pur- 
fev, asvevicencea by tic. To. our delvonty one of the 
fractions crystallized spontaneously when left unattended 
overnight. However, the minor component could not be 
obtained in such high purity, although the later fractions 
were highly enriched in’ this material. 

Repeated application of this method could pro- 
bably have achieved separation of the minor component in 
high purity. However, the process would have been labori- 
ous. It was also anticipated that each purification. step 
would result in some losses and that eventually the 
@esired componenr could" have been” isolated, but in” very 
pool yrerd. 

The literature was again searched for nondestruc- 
tive detection methods in connection with argentation 
chromatography. One article’? reported the use of a 10% 
aqueous solution of potassium bromide as a spray reagent. 
Supposedly, the adsorbent layer becomes dark grey (due to 
formation of elemental Silver) on which the zones contain- 
ing organic material stand out as white areas. However, 
when this method was used, no dark gray background was 
formed andUgnor spots “could be” dévected. 
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Further literature search uncovered a 
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method which praved successful: when argentated silica 
gel layers Care \sprayedswithrai0s2 tusolhition,o£r2')7'$= 
dichlorofluorescein (or 2',7'-dibromofluorescein) in 
ethanol, a pink coloration of the layers occurs. This is 
due to complex formation of, the silver ions with 2',7'- 
Giechlorofluorescein. )«ifsorganic material) is «present,in 
sufficient quantity, it is detected in the form of green- 
ish spots (zones) in ordinary daylight. The sensitivity 
of the method is increased by observing the plates under 

a uv lamp (325 nm). Organic compounds then appear as light 
Sooten(zones pion a .darek@backgrounds, Ordinaridy, tithe quan- 
tities separated were so small that detection could only 
be achieved using the uv lamp. 

Chromatography of the "A,~mixture" under these 
conditions led to a good separation. The components were 
eluted from the adsorbent with ether. Initially, acetone 
was used for this purpose, but proved to be unsatisfactory 
since this solvent also eluted 2',7'-dichlorofluorescein 
and traces of silver salts. The components obtained in 
this way proved to be homogeneous on analytical tle (sil- 
ver nitrate-silica gel). The major component was shown 
by hrms to possess the molecular formula C59 H3903 and is 


called cyathin A The minor component has the molecular 


oie 
formula Co pHs 203 and, since it was the second component of 


this composition isolated from crude cyathin, it is named 


allocyathin B.. 
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Zee GV ethan A, 


Cyathin A. was further purified by crystalliza- 
tion. If the separation procedure outlined above was fol- 


lowed, crystals of cyathin A, were obtained consistently. 


3 


Acetone and ether may be used for recrystallization 


although cyathin A, is fairly soluble in these solvents 


3 


and the recovery is low. Cyathin A. is much less soluble 
in benzene and particularly benzene-cyclohexane mixtures. 
These systems were found more suitable and were employed 
ECcuobDtain. large single. crystals.«Single crystals of 
approximate size 0.1 x 0.1 x 0.1mm, at another time 
1.0 x 0.3 x 0.3 mm, were deposited from these solvents. 
These crystals were suitable for X-ray crystallographic 
studies. 

By determining the density and the dimensions of 
the unit cells of these crystals, the molecular weight of 


cyathin A, was independently calculated. A mixture of 


3 
cyclohexane (d = 0.78 g/em?) and carbon tetrachloride (d 


aap de, g/cm?) was adjusted so that the buoyancy of an 
added crystal was neutral. The density of the mixture 


was measured in a pycnometer and found to be d = 1.157 g/ 


ae (20,0020, 


The crystallographic studzes revealed that the 


cyathin A, crystals belonged to the orthorombic system, 


3 


Space group. P222. 255 The unitscel linhad the idimensions 
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° 
a= H8.228, b = 25.105, ¢c =. 67629 A-(vyolume of unit cell 
° 
= 1825.1 A>). 
The molecular weight (mw) was calculated accord- 


ing to the formula: 


mw = d x volume of unit cell x Avogadro number/number 


of molecules per unit cell 


Assuming four molecules per unit cell, the molec- 
ular weight calculated in this way is 317.85,,confirming 


the mass spectrometric measurements. 


The mass spectrum of cyathin A, (Figure 13) has 


3 
an intense characteristic peak at m/e 191. The composi- 
tion of the corresponding ion is Cy ,H53- This allows the 
tentative conclusion that the cyathin A. molecule is com- 
posed of two portions: a large C1 4H 3 unit, containing no 
oxygen atoms, and a small Ce fragment carrying all, three 
oxygen atoms. However, it should be kept in mind that 
hydrogenimigration, Cali occury and, more seriously, that the 
large fragment could have lost small fragments (such as 
H,0) during fragmentation, making it unsure that the three 
oxygens are on the six-carbon unit. 

Peaks at m/e 303 (M - CH), 300 (M - H,0), and 
2a 5 (Ma C,H.) indicated the presence of hydroxyl, methyl 
and propyl groups in the cyathin A. molecule. 


The ir spectrum of a chloroform solution of 


cyathin A, (Figure 14) displayed broad absorption bands. 
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Pigure 13. Mass spectrum, of. cyathin A 
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This was unexpected since the purity of the sample was 
assured and, as a rule, pure samples give rise to sharp 
absorption bands. Absorptions at 3600 and 3400 om + are 
assigned to free and hydrogen-bonded hydroxyl groups. 
The broad band of medium intensity at 1650 cm + remained 
unexplained. C,C-Double bonds, particularly in the case 
OreciO. Cbhercs, ~ancdycarbony |] groups of dn. 0, p-unsalLurated 
ketone were considered as possibilities. 

Solid-phase ir spectra of cyathin A, were 
obtained by employing both the KBr-disc (not shown) and 
@he nuj,ol—-mull techniques. (Figure 15). .»).The.nujol.spec- 


trum shows no absorption in the region 1600-1700 em™*; 


the KBr spectrum shows a broad absorption at 1650 com>, 
At the time, this absorption was attributed to cyathin 
Az, DUcenOWw TE. Leecl eae thats, 1s duel co. water, present 
in the KEr-disc. 

A Raman spectrum, obtained on a sample of 


microcrystalline cyathin A showed a rather sharp band 


a 


By 
at Hoos ectnn With cuchoulder at. 1650 ence indicating the 
presence of.two C,C-double bonds. 

Hindsight allows the following interpretation 
of the ir and Raman spectra: in the solid state, cyathin 
A. has a masked carbonyl group which is partially unmasked 
in soFution.. The position of the carbonyl absorption, 


below 1700 emia) points to.an o,@-unsaturated, carbonyl 
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group. The unresolved absorption bands of the Raman spec- 
trum are attributed to two C,C-double bonds. At the time 
that the spectra were first determined, however, it was 
not possible to reach these conclusions and the spectra 
caused considerable confusion. 


The nmr spectrum (Figure 16) of cyathin A., deter- 


3! 
mined in deuteriochloroform solution, again showed rather 
broad absorptions, unexpected for a pure substance. Pheno- 
mena such as conformational mobility, exchange of hydroxyl 
protons and tautomeric equilibration may be responsible 

for these broad absorption bands. As the nmr spectra of 


cyathin A, derivatives lend themselves more readily to 


3 
interpretation, the spectra of the parent compound will 
not be discussed further. 


Uv- spectra of cyathin A. (Figure 17) were 


3 

recorded in both methanol and dioxane. No distinct absorp- 

tion maximum is detectable below 250 nm in either solvent, 

although there is an inflection at 226 nm in methanol 

(ec = 2,500), suggesting some type of conjugated system. 
There is a definite absorption maximum above 

300 nm: in methanol solution it appears at 315 nm with 

e = 51. It should .be noted, however, that the maximum is 

not well resolved from the absorption mentioned above, 


which is presumably due to the m - m1* transition. In order 


to obtain the true ee and e-values for the .cransition 
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pigure 16, 100 MHz mmr Speccrum of cyathin A. (CDC1.); 


IMpPUrLELes at 63.4 and Lut 
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“Figure ly. Uv Speecrum.oL Cyathin Ai A, B in methanol; 
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under consideration, the apparent values would haye to be 
Corrected, 

In dioxane, the absorption bands due to the two 
different transitions are better resolved. The maximum 
ori the long-wavelength band “is found at 324 nm°with e« = 
42; due to the better resolution, these values should be 
considered more significant than those in methanol. Both 
the position and extinction coefficient of this absorption 
maximum are characteristic of the n-1* transition of an 
a,B-unsaturated carbonyl group of an aldehyde or ketone’. 

The difference of the uv spectra in dioxane and 
methanol is easily explained. It is well established?” 
that in polar solvents such as methanol, t-7* transitions 
are shifted to higher, whereas n-1* transitions are shifted 
to lower wavelengths. This results in diminished resolu- 
tion of the two bands. Non-protic solvents such as diox- 
ane give rise to improved resolution and, therefore, should 
preferentially be used for uv spectroscopy of a,8- 
unsaturated Ketones. 

The presence of an a,f-unsaturated ketone is also 
evident from optical rotary dispersion (ord) and circular 
dichroism (cd) studies. The spectra were again measured 
in both methanol and dioxane (Figures 18 and 19). Cyathin 
A. gives rise to a plain negative ord curve on which there 


S} 


LS SUperimposed a positive Cotton effect centered at 


1 =a 
il a 
oe 


in 
P) hi 
*, + 


re 
‘6 mae be at 


41. 


[?] Le 
1.0 
2,000 
0.5 
1000 
Oar 0 
-1,000 
=05 
-4,000 
A 
-12,000 =1.0 
300 400 500 am 
Pere, bow Cliroprica, spectrasor cyaciin Ay in methanol; 


Pee ora spectrum (lett. scale); B, cd spectrum (right scale) 


[?] , Le 
10,000 + 1.0 


5,000 0.5 
0 0 
-5,000 =05 
-10,000 A -1.0 
300 400 500 nm 
Bigune L9.ce Chiroptical spectra, of cyathin A, in dioxane; 


Rup Ord spectnum (left scale); B, cd Spectrum (right scale) 


ret © |@ he en! ee aes 


Vo = ae Oc 


ALiaaves “RS AtinoGe ber baqene tats at 


sth a tetas Pes) reread 


- ee Medd T nae td fee Aes eee ; 


42. 


approximately 320 nm. Positive Cotton effects are also 
Clearly visible tn theved «curves. In *methanol, there ie a 


positive maximum at 325 nm with a dichroic absorption of 


Ac = 1.01 (average of three measurements); this maximum 
shifts to longer wavelengths in dioxane: 332 nm, Ae = 
0.85. Such Cotton effects are expected for n-1* transi- 


tions of a,f-unsaturated ketones”?, 

No clearly defined Cotton effect ascribable to the 
corresponding 1-1* transition can be discerned below 250 
nm. It appears that in this region several chromophores 
give overlapping effects. 

The spectral evidence discussed thus far suggests 
that the following functional groups are present in the 
cyathin A. molecule: 

1) an a,8-unsaturated ketone group ("partially 
masked"), 
2) one or two hydroxyl groups, 
3) probably an isolated C,C-double bond. 
If there are three double bonds in a molecule of 


the composition C it follows. that the molecule 


5030-3" 
Must-“beVeracy elie 


Cyathin A, has been subjected to approximately 


3 


twenty acetylation experiments (including experiments with 


the "A,-mixture" ) under somewhat varying conditions: 
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1) pyridine as a solvent; approximate 25 fold excess 
of acetic anhydride; 16 hours at room temperature, 

2) same as under 1) except reaction time shortened 
to two hours, 

3)ecmethyiene. chloride, containing al.catalytic amount 
of pyridine, as solvent; threefold excess of 
acetic anhydride; one hour at room temperature, 
followed by ten hours at 30-40°. 

There are indications from the mass spectra that 
complications, occur<under conditionsel1) .caitiwasalater 
fOound-that..conditions 2) are.sufficient to, bring) about 
complete acetylation, and most of the reactions carried out 
in this fashion have given satisfactory results. 

However, under conditions 3), the reaction may 
be controlled even more carefully, since it is possible 
to monitor the course of the reaction by analytical tlc. 
Pteappearsethnat inathe @irstahoucrat coomekemperaturesonly 
a monoacetylated product is formed; a further ten hours 
at a slightly elevated temperature are necessary for com- 
plete acetylation. The R,-values of the resulting com- 
pounds,jusing acetone: Skellysolve’ B (133) (M) are 0.3 
for the fixest productyand:.0. 44 forythessecond.gi Thispas 
in line with the prediction that each consecutive acetyla- 
tion decreases the polarity of the product, leading to 


higher R,-values, as an acetoxyl group is usually less 
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strongly adsorbed than a hydroxyl group. 

EnrvOreer eco uprove thay no rearrangement had 
occurred during acetylation, it was desirable to show that 
tre. originar “eyethin A. could be recovered upon hydrolysis 
of the acetylated material. Initially, the Zemplén methan- 
olysis Srogedure- (sodium methoxide in methanol; 16 hours; 
room temperature) was used; again, the suspicion that cya- 
thin A, might not be very stable in the presence of alkali 
was confirmed, in that only decomposition products were 
recovered. When much milder hydrolysis conditions (potas- 
Sium carbonate in 80% aqueous methanol; system flushed 
with nitrogen; one half hour, room temperature) were used, 
a product was obtained whose tlc characteristics, ir and 
mass spectrum were identical with authentic cyathin A,. 
Even milder conditions effect deacetylation of the acetyl 


derivative of cyathin A as was later discovered acciden- 


3! 
tally: after a sample of the acetyl derivative had been 
left standing in methanol solution for a week, the ir 
spectrum lacked “absorption characteristic of acetyl groups; 
tlc confirmed that the sample had undergone complete 
methanolysis. 

The facile deacetylation procedure might be 
used to advantage for the purification of other cyathin 


components. A chromatographically pure cyathin component 


may be converted into its acetyl derivative, chromato- 
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graphed again and then deacetylated under the mildest pos- 
Sible conditions. Under favorable circumstances, contam- 
inants still present in the original sample might either 
not form acetylation products at all, or form such pro- 
ducts with different tlc characteristics, and would, there- 
fore, be removed during the double purification process. 

In “fact, crystalline allocyathin By has been 
obtained only once, after the material had been acety- 
lated and methanolysed (accidentally), according to this 
procedure. 


UieatwacetyVLlacedeCyaciin, A» 15), In. tact, a. diLac- 


3 
etyl derivative was confirmed by its mass spectrum (and 
Other spectral characteristics) (Figure 20): the parent 
peak is found at m/e 402 and the corresponding ion has 


the composition C Peaks at m/e 342 and 282 are 


sy ey Rae 
characteristic of a 0,0-diacetyl compound losing one and 
two molecules of acetic acid (mw 60) from the parent 
molecule. 

0O,O-Diacetylcyathin A. could not be induced to 
crystallize, but was always obtained as colorless glassy 
material. Further purification was attempted by sublima- 
tion (see Experimental) at 105-119°/0.02-0.2 mm; however, 
it is not obvious that the quality of the material was 


improved by this process, since no change could be detec- 


ted in the ir spectrum. 
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Figure 20. Mass spectrum of O,O-diacetylcyathin A, (Peak 
at m/e 149 is likely due to a phthalate impurity) 
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Figure 21. Ir spectrum of 0,O-diacetylcyathin Az (CCl4q) 


O,O-DIACETYLCYATHIN Aj 
CDCI, 220 MHz 


a b cd ef ghi fi k,|,m,n,o,p 


became ee, Nn 
ER AN Co a sa TTS Py ol TPE al 
60 5.0 3.0 : 10 8 


Figure 22. 220 MHz nmr spectrum of 0O,O-diacetylcyathin A, (CDC1,) 
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The ir spectrum of 0,O-diacetylcyathin A, 
(Figure 21), taken in carbon tetrachloride solution, again 
displays broad absorption bands; the fingerprint region 
(1300 - 909 cue) ; in particulan, dsouibi-defined.) "Tenta- 
tively, this might be attributed to) conformational mobil- 
ity. The spectrum reveals that the material was fully 
acetylated since no hydroxyl absorption remains; the 

very strong absorption: at 1750 cm7+ is assigned to acetyl 
groups. The band which has a maximum at 1690 cm + and a 
shoulder at 1670 cm + is better defined than the 1650 om + 
band of cyathin Ay. Undoubtably, the absorption is due 

to the same a,f-unsaturated ketone grouping for which 
there is evidence from other spectra. Still, the band is 
not as a oelnce as might be expected. 

Nmr spectroscopy proved to be the most valuable 
source of information about the structure of 0,O-diacetyl-~ 
cyathin Ay ands consequently). oficyathin A.. The spectra 
were measured at both 100 and 220 MHz. In most cases, 
deuteriochloroform was used as solvent, but benzene has 
also been used. Often solvent changes cause a change in 


33 , 
of certain’ signals and,. 


chemical shift (solvent shift) 
in the present case, brought about the resolution of 
some of the overlapping peaks. 

Nuclear magnetic double resonance (amar) 27 


spectroscopy was used extensively to determine the inter- 
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actions between the various nuclei and thus to obtain 
information about the spatial relation of the various 
protons. 

Some of the spectra are reproduced in Figures 
22, 23, and 24. ~ Most signals were analyzed according to 
first-order theory?>, although second-order analysis was 
applied. to simple two-spin (AB) systems. The analyzed 
Gata are compiled Gn Table II. The signals u and v at 
6 2.04 and 2.12 are readily assignable to the methyls of 
Domo -acetys Groups #(o-valuestwill tTefengro values measured 
in deuteriochloroform unless otherwise stated). Since 


cyathin A, does not show these signals, the derivative 


S 


must be O,O-diacetylcyathin A confirming the mass spec- 


20 
Ecc data. 

Signal a (66.13), has-~a chemical shift. charac~ 
teristic of anjolefinic proton; smally(vlhz), lakely 
aLLylic, coupPings withistgnals' b, cc and d are observed. 

Siqnalc. cand) dun(0 4../5 and 4.63)s.form an: AB 
quartet with J = 14Hz, indicating a geminal relationship 
of the corresponding protons. The remaining couplings 
are small; thus no vicinal protons are indicated. The 
corresponding signals in cyathin A. appear at 6 4.2; a 
shift difference of 0.5 ppm is thus experienced. Signals 


Ofethe Carbiny i protons Of a ~CH, OH group typically under- 


go such shifts upon acetylation. The rather low $6-value 
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Figure 23. Low-field portion of 100 MHz nmr Spectrum OF 


0,0-diacetylcyathin A (CDC1 4); 


3 
botton row: undecoupled 
middle row: Signal a irradiated 


top row: Signal b irradiated 
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miguce 24, High-tield portion of 100\ MHZ nmr spectrum sof 


O,O-diacetylcyathin A, (CeDe) i A, normal spectrum; 


B, -amplified.spectrum; C, signal b irradiated; 


D, Signals e and £ 2*eradiated. 
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may be attributed to the fact that the protons are both 
allylic and geminal to an oxygen atom. 

Signal b (6 5.36) usually has the appearance of 
a broad triplet; however, in one of the spectra (Figure 
23), the broad lines of the triplet are further resolved. 
Besides typical vicinal couplings (6 and 7Hz) with signals 
g and j, long-range couplings with signals a, c and d are 
Gevected., «This “szgnal (v6 4.3 in cyathin A.) has also 
undergone a shift of 1.1 ppm upon acetylation, thus indi- 
‘cating that the corresponding proton is vicinal to a sec- 
ondary acetoxyl. In order to account for the low dé-value, 
the proton must also be allylic. 

Signal g (6 2.64) has a geminal coupling of 14 Hz 
Co eit Cation, with 7), aneyolcaly vicinal coupling of 6 Hz 
with b (already mentioned) and a third coupling of 2.5 Hz 
with £ (which, eventually, was also identified as vicinal). 

Signal £ is badly overlapped with signal e, but 
careful inspection of the spectra shows that it is coupled 
Zonsigqnalssggand js eAnconplingeofale Hadwithyiesuggests 
an axial-axial relation of the two protons and, conse- 
quently, the smaller coupling of 2.5 Hz with g is assigned 
to an axial-equatorial relation. 

Data for signal j are obtained only by implica- 
tion,since it is hidden under the acetyl signals in 


deuteriochloroform and overlaps with signal (by i) in-ben- 
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zene UpProtenty Nes ey geminal coupling Of 14. HZ) with? g;, 
a vicinal coupling of 7 Hz with b, and another, probably 
pxldimaxial) coupling of WOLtnzowiths . 

fmalysisuoe theusignalswayt boc fog) and athus 
leads to partial structure Ae) in which (C) signifies a 


carbon atom to which no proton is attached. 
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It should be noted that part structure J» con- 
stitutes an isolated spin system in the sense that there 
meounoO sneeract ion Wwith.a coupling constant J.>.0.5, Hz 
with any of the remaining protons. Long-range coupling 
With Jd < O.54HzZ 2S thusinot, excluded and, actually, Jis 
Itikely tor proton tf, Since, the, lanes efeits sagnal are 
rather broad. 

Sequel C00. 2.60) scan. Dey recognized as, a septet 
Which Nas tvpicagie ViCinal. COUPLING som Ve eZ. (Cie 
outer lines of the signal are observed only in certain 


circumstances). Nmdr experiments prove that this signal 
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is coupled with two doublets, s and t, at 6 1.00 and 0.99. 
Only part structure 16, an isopropyl group, can give 
rise “to "such aUcoupbing ipa ttern. fy As noliurthenveduplings 
are observed for this group, it constitutes another iso- 
lated spin system. More systematically, signal e should 
Be calbledva-quadruplet of gquadruplets (qq) as “the “two 


methyl groups which it is coupled to are not equivalent. 


(C) 
(C) (C) 
(H,),C —- C —— C(Hs), | 
| ey ny 
He 
| 6 lat 18 


Signals 9G. and. G0 lio and.,!.06) appear at posi 
tions typical of tertiary methyl groups (methyl groups 
attached to a quarternary carbon atom) and do not show 
enteraction,with any Of the-other Signals.” “Part struc— 
tures 17 and 18 emerge from these considerations. 

At 220 MHz, a signal corresponding to two protons, 
heand i .appears at. approximacely 6. 2.%o01n Che fOrm:oL 4 
broad triplet... ~uowever, at LUO MHz.a complex fine struc- 
ture is revealed which indicates interaction with some of 
the remaining protons. The appearance of this signal at 
a rather low field suggests that the corresponding protons 


are allylic, but no further assignments can be made at 
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this stage. 

The analysis has thus far accounted for 22 of 
tne 28 skeletal hydrogens (protons of the two hydroxyl 
groups are not counted). The remaining six protons give 
Pooe tH an unresolved groupvof signals (k, 1, m, n, o and 
p) between 6 1.2 and 1.8. The location suggests that they 
are attached to saturated carbon atoms, and the pattern 
Suggests\that they are located on endocyelic atoms, since 
there are no couplings with any terminal groups (such as 
methyl, ethyl, methylene, etc.). 

The nmr data show that the carbon skeleton of 


Cyathin AL 1s made-up of at least six-~exocyclic carbon 


3 
atoms (isopropyl, two methyls and one hydroxymethyl). 
That this is the exact number cannot be proven rigorously 
atethiss#stage, but it a most probable if a diterpenoid 
structure is anticipated. Consequently, it can be 
assumed that the number of endocyclic (ring) carbon atoms 
will be 14. 

Before continuing with the discussion, it should 
be noted that signals e, f£ and (h,i) appearing below 6 2.0 
are assigned to protons attached: to carbon atoms a to 
either a C,C- or a C,O-double bond. 
Uv spectra were again recorded in both a polar 


and nonpolar solvent (Figure 25). This time, isooctane, 


less polar than dioxane, was used as nonpolar solvent, 
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Since the acetyl derivative of cyathin A, is soluble in 


this solvent, whereas cyathin A, itself is not. 
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Mrgunes2>. «UV spectra of/0,O-diacetylcyathin Ax; 
A aD ani methanol By Coun isooctane 


fon Ve rtascaler OC, a Deriait scale 


In methanol, a shoulder is observed at A = 230 
nm with e€ = 6,800. An absorption band of lower intensity 
has a maximum at A = 311 nm with ¢€ = 180. Neither absorp- 


tion band, presumably due to 1-7* and n-17* transitions of 
an a,f-unsaturated keto grouping, aS well esolved. In 
isooctane, the resolution of the band due to the n-1* 
transition is improved (ena = 323) nie wlth 6 = 130)% ‘the 


m-7* transition is again observed as a shoulder at i = 
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225 AM WLth 62s, 700. If the extinction values of the t1-1* 
transition are compared with those of cyathin Aas 2 Ry chy RC 
found that they are approximately two to three times as 
large. The abSorption due to the ™-7* transition is not 
Suitable for comparison as it overlaps other chromophores, 
femsyee wUnaccounted for. This is” further indication that. 
fies Carbonyl Group in Ccyathin A, itself is partially 
masked, but is tsetse! in the acetyl derivative. 

The ord and cd curves of 0,0O-diacetylcyathin A, 


are very Similar to those of the parent compound. How- 


ever, the observed Cotton effects are enhanced; in partic- 


Glar, the positive maximum at % = 330 nm in isooctane has 
a dichroic absorption of Ae = +2.73. The comparable value 
Hor cvyachin A. was Ae = +0.81 (dioxane). Thus the same 


unmasking effect is observed. 

According to Djerassi>®, the extent of ketal 
formation under standard conditions (addition of a small 
anount of hydrochloric acid ‘to a methanolic solution of 
the sample) indicates the size of the ring in which a 
Keto group is located. The following rules were estab- 
lished: a cycloheptanone will form the ketal to the 
extent of 21%. a cyclonexanone, to 93%) anda cyclopenta-— 
none, to 24%. In Djerassi's work, ord measurements of 


the Cotton effect due to the n-7* transition permitted 


determination of the extent of ketalization. 
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Uv or cd measurements (or, in general, any spec- 
troscopic method which permits measurement of carbonyl 
absorption in methanol solution, and in which addition of 
the acidic reagent does not interfere with the measurement) 
should likewise allow the detection of ketal formation. 
aie N=”  transictron. of the keto group in cyathin A. gives 
rise to a well-defined cd maximum at 325 nm in methanol. 

In the uv and ord curves, this feature is less well 
defined. The cd method was therefore chosen to follow 

the extent of ketalization. However, the experiment was 
undertaken with reservation since Djerassi also reported 
that a,f-unsaturated ketones in the few cases investigated 
did not form ketals. The results obtained thus came as a 
pleasant surprise. When a small drop of methanol saturated 
Wath hydrogen chloride was added to I’ml of a 0.2% solu- 
tion of cyathin A, in methanol, the positive Cotton effect 
at 325 nm disappeared very rapidly. As the reaction course 
was continuously monitored by cd measurements, the follow- 


ing conversion times could be computed: 


teoe = 2 min 
toos = 8 min 
toge = Se in 


After complete ketalization the observed ord 
curve is plain negative (at least down to 250 nm); the 


uv spectrum, likewise, shows no maximum above 300 nm. 
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When the small amount (v2 mg) of material used was iso- 
lated and its ir spectrum measured in carbon tetrachlor- 
adg@ solution, the absorption at)1650 cm + had also disap- 
peared, the fingerprint region was surprisingly sharp, 
and the intensity of the hydroxyl absorption appeared 
diminished when compared with that of the starting 


material. Obviously, cyathin A, had been dramatically 


3 
affected. 

The molecular weight and formula were also 
Pee ninied on this small sample by hrms. The mw was 332 
(an increase of 14 mass units when compared with the mw 


Of -cyathin Az), and the composition was C (+CH,). 


gaigots 
Thus, the net reaction was one of methylation, and cor- 
responded to the transformation of a hemiketal to a half 
methyl ketal. 

It was now abundantiy clear that the "masking" 
effect mentioned in so many previous instances couid be 
explained in terms of hemiketal formation. In solution, 
cyathin A. exists in two forms: a hydroxyketone 19 and 
a hemiketal 20, the two forms keing in dynamic equilib- 


rium. In methanolic.hydrochloric acid, a ketal 2] is 


formed irreversibly. 
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| | | | MeoH | 
C0 HOC) ae CO ee Oc 
7 | | Hcl | : 
OH OMe 
19 20 2 | 


The ketalization experiment was repeated on an 
me rced scale (20 mg of cyathin A,). After work-up, the 
product appeared to be homogeneous (according to tlc) 
and was used without further purification. 

Under aqueous conditions, ketals are susceptible 
to hydrolysis. In order to confirm the ketal nature of 
the material, to test its sensitivity to aqueous acid, 


and in order to recover cyathin A, (and thus show that 


2) 
no rearrangement had occurred), hydrolysis experiments 
were carried out in the system acetone-water-hydrochloric 
acid (20:2:1). Preliminary tests showed that complete 
hydrolysis could be effected under either of the follow- 
Lice Cond PeLons +) -EwWO=nOurs-at.05 08, .Orw Gmhours. at 32°. 
When a 40-mg sample was subjected to the latter conditions, 
a mixture of products was obtained. After chromatographic 
purl ication, Liomg on cyatiimn A. was recovered and iden- 
EVLIGd bY its: crystallinity, tle characteristics and ir 
Spectrum, 


Considering the more vigorous reaction condi- 


tions and the low yield (25%), the hydrolysis is clearly 


7 7 } 7 : 
. i . ai 
7 a 
7 ’ : 9 
7 : i 5 
aS : 
Le 
{ 
: } oe ; 
: ive : | ; 
ont } Sener? —— a / TI 2 “ * ¥ 


: ‘ 
pris py 
r ‘ee rs 
: af es 
‘ - }pwe oy. 
, POL) ‘nn 
7 : 
te A’ ml 
; ~2heaa We f 3fbmeori 


i 7 | : i 
Pi wey ; coe s 
i G i ‘ meet Ay: i: 7 i | a 0 1a? sides Esp 
; ? > , 0h 


1a aa yeh, 7 
4 hed iat. © 
; : om, j i , A ./ TF bg 
‘ 7 : . : 7 
i ad pie kK 7 : — : 
: 7 é , e\e Pe , ‘Si C.as 
, ce Ba : S aw Le f 
Ty Pa r 
ive 


: ee ls ”" sige 
ay oy 
ow oi Retard 


61. 


not as smooth as the ketal formation. This suggests that 


the ketal form of cyathin A, is more stable to acid than 


the keto form. 


No special effort was made to crystallize the 


material and the ketal was handled as a gum. 


10 | 
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Figure 26. Mass spectrum of cyathin A. methyl ketal 
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Figure.27. Iyr-spectrum of cyathin A, methyl ketal (CCl,) 


The mass spectrum (Figure 26), briefly men- 
tioned above, had a very intense base peak at m/e 141 as 


its most remarkable feature. All other mass peaks have 
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an intensity of less than 15% of the base peak. The cor- 


responding ion had the composition C Forethes first 


5H, 03. 
time in any of the mass spectra in the cyathin series, 

a fragment of mass less than 200 containing oxygen was 
observed. 

Assuming that no rearrangement had taken place, 
it can be concluded that the three oxygen atoms of cyathin 
A are located on three of seven adjacent carbon atoms. 
Two oxygens are accounted for in part structure ie and 
the third oxygen is incorporated in an a,8-unsaturated 
ketone. The only logical way to place the third oxygen 


Peni. che f£Orm Of a KEtO Group attached to the carbon 


Caiiying Proton a,” Part structure A can thus be expanded 


to RR? 


OH 
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ae be ace 
(C) Hj OH 
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If 22 is incorporated in a Six= or, Seven- 
membered ring, the double bond must have a cis configura- 


tion. For geometric reasons, the ketone cannot, form a 
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hemiketal with the primary but only with the secondary 
hydroxyl group. Hence, part structure Ao vepresents the 


hemiketal form of cyathin A,: 


HoH 


CH,OH 
23 


AS mentioned above, the only functional group 
indicated (in the ketal) by the ir spectrum (Figure 27) 


a It should be noted, 


ao aehydroxyl group (3610 cm 
however, that the methyl ketal, in contrast with the 


diacetyl iderivative or! cyathin A, itself, exhibits well- 


3 
defined bands in the fingerprint region; a sign that the 
eConrormation of this derivative is Monefprigid. 

100 MHz nmr spectra of the ketal (Figures 28 and 
29) were obtained in deuteriochloroform and benzene solu- 
tion. Comparison of Figure 28 withfrigure 29 very ;clearly 
shows how the resolution of the signals improves when the 
spectrum is taken in benzene. Again a number of double 
irradiation experiments were carried out to determine the 


relationship of the various signals. 


The nnic datacaredlListedginl Tabbediiiei; The sig- 
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Figure’ 28. 100 MHz: nmr spectrum of cyathin A, methyl 


ketal (CDC1,) 


100 MHz nmr spectrum of cyathin A. methyl 


Bigure.s2o:. 
ketal (CoDe); 
A, undecoupled; B, signal j irradiated; 


€, Signal g irradiated; -D, Signal b irymadiated 
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nals are labelled ,where possible, with the same letter used 
in the nmr analysis of O,O-diacetylcyathin Ax. Chemical 
shift, coupling pattern and, to a lesser extent, intensity 
of the signals served as characteristics for identifica- 
tion. No attempt was made to distinguish between the 
methyl signals q and r or between s and t; these signals 
are merely listed in the order of descending é-values. 
More serious difficulties were encountered in the assign- 
ments of signals f£f, -g, and j}. One-of the three is buried 
in the signal heap between 6 1.2-1.8,while the two others 
overlap each other and signal (h,i). Tentatively, the 
following assignments are made: the signal at 6 2.25 
Siovwiuds.a COUupLing. pattern of J = 12; i2;, 3 Hz is ascribed 
On DrOcon, j ,..Since, this. pattern issreminiscent of signal 


heii, O-cracetyilcvyathin yA. (J =) 14 4510,. 7 bz) ss the broad 


3 
Gono lehoaAL 012,42, a.Sspiti typical of anvallylic, proton, 
is.labelled f, since proton £ is’ further removed from the 
centre of change and its signal would not be expected to 
alien drastically; by default, thewhidden signal at,6 1.4 
is assigned to proton g. (The 6-values refer to the 
spectra measured in deuteriochloroform solution). 
The,olefinic protons, the methylene protons of 
the primary alcohol, and the isopropyl and tertiary methyl 


protons undergo Tittle change and their signals are recog- 


nized without diiticulty. 
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Signals b, g, and j are most affected by ketal 
formation. Signal b is a relatively narrow band (width 
at half-height 6 Hz, as compared with 14 Hz in the case 


of 0,O-diacetylcyathin A showing unanalyzable fine 


3) 
structure. Nmdr experiments, however, show oe ie 
Ceuplang Of b with jis 3 Hz and with gq less than 1 Hz. 

If the above analysis is correct, signal j undergoes a 
small downfield shift of %0.2 ppm and signal g a more 
substantial upfield shift of Vl.1 ppm. (The shift values 
were obtained from the spectra determined in deuterio- | 
chloroform solution.) Signal £f also experiences an up- 
fretd shiftvrofi V0.4 ppm but its) coupling cannot be “fully 
analyzed. 

The nmr data confirm that it is the secondary 
bvudroxy Bignous thatiipanrtioipates aimythetketalizations6 The 
changes in coupling pattern experienced by signals b, g, 
and j are in full agreement with the proposal that ketal- 
ization creates a bridged system in which proton b is 
attached to a bridgehead carbon. The coupling constants 
are quite similar to those, observed in model compound RAt 
in which See = 4,5 and et = 0 Hgine’ Simivar couplings 
between bridgehead proton and endo and exo protons are 


observed in. the norbornene series (ref 35a, p 289). 
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X= CN, CO,CH, 


Aecording (co. this jmodel, proton) jois) in a quasi- 
exo and proton g in a quasi-endo configuration. 


The acetyl] derivative of cyathin A, methyl ketal 


3 
was prepared in order to obtain further evidence that the 
secondary hydroxyl group was involved in ketal formation. 
Again vesy.miid condi tions.wene,used.fon acetylation: .a 
dilute methylene chloride solution of the ketal, contain- 
ing a small amount of pyridine, was treated with an approxi- 
mately sixfold excess of acetic anhydride, first at 26° 
for, 125 hours and then at. 40° forsome hour. By monitor- 
ing the course of the reaction by tlc, it was observed 
that most of the starting material was consumed after one 
hour at 26°, The extremely mild conditions are the first 
indication that the hydroxyl group undergoing acetylation 
is primary. Afteréwork-up the*product was used directly 
for spectral determination since tlc indicated a high 
degree of purity. 

The mass spectrum (Figure 30), indicated thatva 


monoacetyl derivative had formed. The molecular weight 
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Figure 30. 
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had increased to 374 (+42, when compared with the ketal), 
and the composition was C55 H3 49, (+C,H,O). As expected, 
Lie base” peak faq @aiso Shifted trom m/e 141 Eo 283. 

The ir spectrum now lacked absorption in the 
nyaroxyl region, but an absorption band characteristic 
of an acetoxyl group appeared at 1745 om, 

The nmr spectrum (again measured in both deuterio- 
chloroform and benzene, but values cited refer to deuterio- 
chloroform) remaaned unchanged (Table III), except that 
“uke Signal ror the Mydroxyl proton at o° 1798 had disap— 
peared, a typical three-proton signal for an acetyl group 
appeared at 6 2.11, and the signal for the methylene pro- 
tons of the primary alcohol group underwent a downfield 
Sic OL 0.4 ppm, a typical “acylation shift for primary 
alcohols, Thus, structure 23 uis"further confirmed. 

The uv, ord and cd curves remain essentially 


unchanged. -The uv spectrum*of O-acetylcyathin AZemethyl 


8 
ketal, however, was more closely investigated and compared 
with that of O,O-diacetylcyathin A. in. order to Obtain -a 
difference spectrum, i.e. a spectrum in which the differ- 
ences of the extiunetion coefficients of the two compounds 
is plotted versus wavelength (Figure 31). 

This difference spectrum suggests that the 


absorption| band of thé s-nm* transition of the enone chro- 


mophore of O,O-diacetylcyathin A, has its maximum at 228 
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nm with e€ = 4,400. According to the Fieser rules (ref 35b, 
p 160) a 8,8-disubstituted cyclohexenone should have an 
absorption maximum at 239 nm (base value of six-membered 
eyclac tenone (205). +.2 B-substituents, (2 x 12)),. which is 
meauced to 225 ni aiter appropriate solvent correction. 
Thus part structure 2g could be contained in the six- 
membered ring of part structure Rr» However, the low 
extinction value mitigates against this eae a usually 
10,000-20,000)°°, 

The mass spectral data also would not support 
part structures gp for the ketone or 26 for the ketal, 
since genesis of 2/, suggested for the m/e 141 fragment 
(see below), would involve a highly improbable carbene- 


forming cleavage. 


(C)- 


7&S) 26 VAT 


On the other hand, one would expect that 26 would undergo 
a retro Diels-Alder fragmentation and give rise to the 
presumably stable fragment 28 (m/e 128, C.H,0 3) which 


should constitute the base peak. 
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Sincet this peak has*anPinteénsity tof ConlyI10S5 
a seven-membered structure such as Aw, is more probable, 
although rings of even larger size cannot be excluded at 
this stage. Fragmentation of a molecule in which Cote 
incorporated as a part structure can be rationalized 


aecordingrto .SchemevlIL. 


Scheme Ill 
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a )suerlbocyathin Ba 


The investigation of allocyathin Bz was modelled 


anther that of -cyathin A. Skills learned in the handling 
ofacyathin A. resulted in fewer experimental mishaps; 


experiments swere. carried. out on allocyathin.B, only.after 


3 


analogous experiments with cyathin A, had been thoroughly 


5 


Studied; interpretation .of the. spectra-of allocyathin B 
was facilitated by virtue of the fact that the correspond- 


ing spectra of cyathin A, had been previously analyzed, 


3 
and it was assumed that the compounds were closely related. 

The experimental work with allocyathin B 
proved more laborious, however, since less material was 
available and it appears to be less stable. The increased 
sensitivity is presumably attributable to the additional 
functional site, a C,C-double bond. Conversely, the addi- 
tional. functionality yields new information useful, for 
the structure determination of both cyathin compounds, 
Since cyathin A. is anticipated to be dihydroallocyathin 
B.. 

As mentioned before, allocyathin B. was obtained 
in exvotedl.~form, oneonly,ome Occasion sa. Invnumerous, Lreerys= 
taldazationpattempts,on thiisione,crop,_ crystals could not 
besanduceds to.grow to.sizesofs Ehe orders of 1 mun they 


were always microscopically small. The melting point of 


a recrystallized sample was 143-144°. Most of the work, 
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however, was carried out with noncrystalline material. 
The molecular formula, C59 Ho 903 (mw 316), was deter- 
mined by mass spectrometry (Figure 32). The fragmentation 


Pattern is isimitvarito that of cyathin A excepe thet.all 


30 
m/e values are reduced by 2. This indicates that the 
additional ‘double bond is located in that part of the 
molecule remote from the oxygen atoms. 

The ir spectrum (Figure 33) taken in chloroform 
solution differs from,that of cyathin A, only in the fol- 
lowing respects: the "carbonyl absorption" at 1650 cm7 
appears as a Slightly sharper band; very weak bands between 
3000 and 3100 cm7* (much better defined in the allocya- 
alaeay B, derivatives) are attributed to the stretching 
Vibration of protons situated on a C,C=double bond. 

The solid-phase spectrum (Figure 34) differs 
more drastically; the predominant feature is the strong, 
Sharp carbonyl absorption band at 1650 cm™*, indicating 


Miatrallocyathin se, (crystallizes wn the! keto form... The 


3 
differences in crystallization behavior mentioned above 
are, perhaps attributable to this fact.. It mightijalso 

be concluded that the ketal is the more stable form of 


cyathin A, but the less stable one of allocyathin Bay or 


3 
this may be simply a question of solubility. 
The nmr spectrum again was poorly defined and 


will not be discussed here, since the spectra of the deri- 
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mragurce. 32...Mass spectrum of “allocyathin B3 


WAVELENGTH (MICRONS) 


| 4 5 6 we 
fc Maas 
Swe Hl : { ae ee 
4 ‘ape ee | 
Bo2 ze al » | | | ty ee ee | [\ ee 
Z papdop | ff= j= ALLOCYATHIN: Bg ual See pte 
9 aie SA Lalande 1 bo] |. (CHCl solution ) Nall ace ineeal bin Eve sl al 
Se eateeoa ee eer eee ee See 
N : | + + + 7 - 4 - 
oss sssscoee eee oor SEES ERSTE 
esas oi = ni a a if t on) eal ees S rod = 
oe ee ee ee ce 
pi an2e fp ff ft 
4000 3500 3000 2500 2000 1900 1800 1700 1600 1500 1400 1300 1200 100 1000 900 800 700 600 50 400 


FREQUENCY (CM’) 


Figure 33. Ir spectrum of allocyathin By (CHC1 5) 
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Figure 34. *ar spectrum of allocyathin By (KBr pellet) 
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vatives yield more information. 

The uv spectrum, taken in methanol, displays a 
well-derined maximum at 235 nm with ¢ = 5,000; no shoulr— 
ders or weak maxima are detected.  At'first sight, this 
seems to indicate the presence of a single chromophore, 
possibly a conjugated diene or enone. However, close 
inspection of the spectrum reveals that this band is of 
non-Gaussian shape, that there is considerable absorption 


in the region 260-280 nm 1,600 compared with 


(E5965 nm 


T30 im the’ case of cyathin A and,since the 


~276 nm 3)" 
observed Extinction’ coefficient as" 100 at 325 nm, that a 
band of low intensity might be hidden above 300 nm. These 
TaActomsudgeSt uence Presence Cf more than one chromophore: 
by chance, the overlapping bands produce only one maximum. 
Above 250 nm, the ord curve displays a positive 
Cotton effect superimposed upon a plain negative curve. 
In the cd curve, the same Cotton effect is undisturbed by 
other chromophores and is observed as a positive maximum 
ACesci nim With a ALCHEOLC abSOrpcion, om Ac = +il,o. ~These 
are clear indications of the n=-7* transition of an q,B— 
unsaturated ketone; the corresponding absorption remained 
undetectable in the uv spectrum. The increase in dichroic 
absorption (as compared with cyathin A., where hee +i.) 


again points to a predominance of the keto form in the 


tautomeric equilibrium. 
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The acetyl derivative was prepared in several 
separate experiments using each time a large excess of 
acetic anhydride-pyridine reagent at room temperature for 
Gwo hours. Ajtotal of 24 mg of pure product. (according 
tO gclc on~argentated .ilica gel) was. obtained from 60 mg 
of chromatographically pure allocyathin Bo. The rather 
poor yield (38%) from such a simple reaction) indicates 
that either the starting material was still impure or 
that the reaction conditions lead to a considerable num- 
ber. of side reactions’. 

Mass, and ir spectra, of this derivative are not 
available at present, since the sample which was desig- 
nated for these measurements was allowed to aa LO COO 
long a time in methanol. This resulted in deacetylation 
aS mentioned above. 

Chiroptical and uv measurements were carried 
out in methanol. As the rate of methanolysis is unknown, 
it is possible that at least partial deacetylation 
occurred. Consequently, these spectra must be interpreted 
with caution. Measurement in non-hydroxylic solvents 
would giv bieucnt this problem, but because of the limited 
amount “of material available this has not been done. 

The same nmr measurements and evaluations as 
described for 0,O-diacetylcyathin A. were undertaken for 


O,O-diacetylallocyathin By (Rigures (35,567 .leble Vv). 
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5.0 30 20 10°76 
220 MHz nmr spectrum of 0,O-diacetylallocyathin 
B (CDC1 ,) 


20) 


Figure 36. 


55° 00s Olen einen as 


Portions of 100 MHz nmr spectra of O,O-diacetyl- 
allocyathin B. 
A, undecoupled (CDCl3);) B, Signais’s and t irradi- 
ated (see Fig. 35); C, undecoupled (CDE); DF 


signal b irradiated. 
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The same labelling system has again been used so that 
Structurally related protons of both derivatives are 
assigned identical letters. 

SLC AUC Mee cw Cd) 64 -bOGu rr Ss att sare 
readily recognized by their chemical shift and coupling 
pattern, and are assigned in the same manner as outlined 
for 0,O-diacetylcyathin As. 

Signals y and z which form an isolated AB quar- 
eet at 0 6.34 and 6.31 (dé-values again refer to Spectra 


measured in deuteriochloroform) are characteristic of the 


allocyathin B, series. The observed coupling constant of 


B 
5.5 Hz is typical of olefinic coupling in a five-membered 
ring?’. The observed chemical shifts indicated the pres- 


ence of a cyclopentadiene rather than a cyclopentene 
MOLeeys (ret 39510, DoLeoe. 0 "6542 ancss0-.5), 00). 

The signal pattern in the region 63.0-2.0 is 
Simplified by the absence of signal (hn, v). Signal); is 
no longer hidden under the acetyl peaks wu and v and an 
eight-line pattern with large couplings is readily analyz- 
able. Likewise, the* coupling constants of signals £ and 
Gg are obtained without ‘diificuity: 

Absorotiomein the region 6 129-1 1 ancegrated 
for four protons; tiwo less than in othe casepoqmO;7O-diacetyl— 


cyathin A Since all other protons interact only among 


$y 


themselves and since the signal pattern in the region 
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6 1.9-1.1 is very complex (no singlets and no AB quartets), 
it can be concluded that the pattern constitutes an iso- 
lated ABCD-system. The large geminal and/or vicinal 
couplings indicate that the corresponding protons are 
attached to adjacent carbon atoms. 

The essential difference between the cyathin A 


3 


ane, allocyathin Bivseries as’ thateprotonscth, Pf kmand@-1 


e 


have been replaced by protons y and z, i.e. a ~CH, - CH. - 
replaced by a -CH=CH- grouping. The nmr data suggest the 
‘presence of a cyclopentadiene structure. The double bond 
revealed by the signals y and z must therefore be conju- 
gated to another double bond. As these signals show no 
coupling other ithanjwithifthemsedves the second adoublesbond 
must be tetrasubstituted. Likewise, the saturated carbon 
of the cyclopentadiene must be fully substituted. This 
leads to part structure 32 for allocyathin By and conse- 
quently to 33 for cyathin A. Thesshpeceo£L protons h and 


i agrees closely with that of the allylic protons in 


cyclopentene: 6 2.3 versus 2.28 (xef 35b, p 188). 
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The uv spectrum (in methanol) of the acetyl 
. derivative is. more structured /than that of the parent 
Compound... It. has.a maximum vat .229 nm (c= 16,000) and«a 
shoulder at 255 nm (e€ = 9,100). The observed curve above 
300 nm is plain, but a hidden absorption band is possible 
iy this region, since ,the extinction, coefficientat, 320.nm, 
for example, is 170. The observed curve can be inter- 
preted in terms of two overlapping chromophores: an a,f- 
unsaturated ketone and a cyclopentadiene. Upon ketaliza- 
tion, the ketone chromophore should be removed and the 
diene chromophore should give rise to an undisturbed 
absorption. 

Ketalization of allocyathin B. was carried out 
under the same conditions used in the ketalization of 


cyathin A Again, the reaction was followed by monitor- 


Si 
ing the dichroic absorption at 326 nm. In two experiments 


the following reaction rates were observed: 


503 90% 
run + 4 min 120 min 
Nerina 7 8 min 40 min 


The initial rates are similar to those observed 
fon icyath in Axi however,,i~a.t takes.much longer fon the 


reaction to go to completion. The crude product requires 
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chromatographic purification, and even then some impuri- 
ties seem to persist. It thus appears that some further 
feaetron (Ss) occurs a@rter initiad keétalization., In a third 
experiment the reaction time was reduced to 30 min, which 
seemed to improve the situation, although the nmr spec- 
trum (see below) still showed the presence of some impuri- 
ties in the apparently (by tlc) pure ketal. Epimerization 
at the carbon bound to proton b or acid catalyzed isomer- 
ization of the cyclopentadiene moiety might be responsible 
for the side reactions. Alternatively, impure starting 
Material may be responsible for the difficulties, as non- 


crystalline allocyathin B, was used. 


3 


The molecular weight and composition of allo- 


cyathin B, methyl ketal were determined by mass spectro- 


3 


metry (Figure 37): mw. 330; C512 903- The base peak is 


again at m/e 141, due to a fragment C5Hg03. In general, 


the mass spectrum is similar to that of the ketal of 


cyathin A except that the peaks are shifted by two mass 


3° 
units to lower mass. 

The ir spectrum (Figure 38) shows some remain- 
ing hydroxyl absorption and the absence of carbonyl absorp- 
tion. Two barely perceptiblesbands Ge) le50h and 1620) em 4 
indicate C,C-double bonds. Two weak but sharp bands at 


3100 and 3050 om™* (Clerinic CoM gaureccuingy, most Cleary 
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Figune,37%. Mass-spectrum of allocyathin B. methyl ketal 
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Figure vss. Sir=spectrum of *allocyathin B. methyl ketal (CCl, ) 
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Figure 39. 100 MHz nmr spectrum of allocyathin B, methyl 
ketal (C.D) 
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distinguish this ketal from that of cyathin Ax. 


The nmr spectrum (Figure 39). indicates the 


presence of some impurities. Nevertheless, the spectrum 
Can Still bey analyzed without difficulty (Table: va. The 
eignal pattern is by now familiar: signals £ and j (unob- 


structed by signal (h, i) and slightly more separated 
than the corresponding signals in the ketal of Bee res A.) 
are now easy to anterpret.. Signal.gi is’ again Jost.in the 
Signal heap between 6,1.8-1.1. It should be kept in mind, 
however, that the assignments for f and g are tentative and 
that they might have to be reversed. 

The uv spectrum drastically changed by ketaliza- 
Elen: Gin tsooctane, a Maximum 2s observed at 256 nm with 
er= 4,200; the extinction at 320 nm has dropped to «= 20. 
According to the Woodward-Fieser rules for conjugated 
polyenes, neither a heteroannular nor a homoannular diene 
would have an absorption maximum at 256 nm, if the realis- 
tic assumption is made that the diene is tetrasubstituted 
C24) ee 0 = 9234. nieand 255) tells ime being ‘they respec— 
tive calculated values). However, it must not be forgot- 
ten that the rules were established for double bonds 
incorporated in six-membered rings. As can be seen from 
Table VI, the rules do not apply at all to cyclopentadi- 
enes. The uv data for the ketal agree quite well with 


those of the tetrasubstituted compounds listed in Table VI. 
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Thus the part structure RR which was arrived at from nmr 
data is strongly supported by the uv spectrum. 

The conjugated diene chromophore is also revealed 
by the chiroptical methods. A negative Cotton effect 
centered at 256 nm is superimposed on a plain negative 
ord “curve; the cd ;cunve* has, a negativermininum-eat (25) nm 
with a dichroic absorption of Ach= -—3.6. The Cotton: effect 
in both cases is undisturbed by other chromophores. 

The ketal was acetylated under very mild condi- 
‘tions (dilute methylene chloride solution, small amount of 
pyridine, sixfold excess of acetic anhydride, 1 hour at 
30°, 1/2 hour at 40°). ‘Since impure ketal was used as 
starting material, impure product was obtained, which was 
then purified by ptlc. The chromatographically pure 
sample still contained some minor impurities according to 
mmr SPDeCeroscopy. 

Mass spectroscopy (Figure 40) established that 
a monoacetate had formed, since the molecular weight was 
372 and the molecular formula C35H350,- Acetylation 
caused the base peak to shift from m/e 141 to 183. 

The ir spectrum displayed the weak bands at 
SO) eae SO ares hydroxyl absorption at 3620 and 3470 


com> had vanished; carbonyl absorption appeared at 1745 
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Figure 40. Mass spectrum of O-acetylallocyathin B. methyl 


3 
ketal 


The nmr data are compiled in Table V. A single 


Deakeat Oo) 1.59" (in iC De) confirms monoacetylation; the 


6 
methylene protons c and d of the primary hydroxyl group 
have undergone a downfield shift of 0.49 ppm, typical for 
acetylation. No other pertinent changes occurred. 

The optical and chiroptical properties remained 
unaffected as would be expected. 

The, Vareous part Structures srevealed by, spec— 


troscopic, investigations are listed below. Part struc- 


ture 225s likely not contained in’ a six-membered ring. 
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The low chemical shifts of protons e and f suggest that 


the corresponding carbon atoms are attached to the cyclo- 


pentadiene moiety 32. This leads to the alternative part 


structures nA and ar * 
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DWwenty -Lour"oOL-the=z2o, pLotonsmiana’ ly “or the 20 =caroon 
acoms” are “accounted” £or¥ in these part structures.” “At 
least two of the remaining. four protons are strongly 
coupled with each other. Since the number of double 
bonds is four and the unsaturation number is seven, the 
molecule’ r1s“tricyvelic, 

The* remaining three-carbon part’ structure must 
be attached to the carbonyl carbon, to the carbon bearing 
proton f, and, possibly, to the C-5 of the cyclopentadiene. 


The only ways in which this can be achieved are depicted 


in structures Serer tae and 3). 
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SELUCEULESHOL type RO are ruled out since they 
contradict Bredt's rule, i.e. they are extremely strained. 
structure 37 j(or its double bond isomer) can likewise be 
disregarded because the nmr spectra lack signals in the 
wegion Eypical wiicyelopropyl protons ,~i.e..below 6 1.0 
(upfield.from © 14.0)..)Moreover, a structure such las Rd, 
eould not accoun@ifor the ion Ci 4Ho1 at m/e 189, formed 
as the main fragment on electron impact. Structure 38 
Can) be excluded tor ene Same” reasons. 

Structure age has a methytene groupyin them o- 
position” oL*ai keto™ group: The corresponding protons 
should give rise to signals above 6 2.0 (i.e. downfield 
from © 2.0). "Since thvsiis-net*onserved, this=structure 
Cant also be ruled” out. 

The same reasoning applies to structure 39h. 
Moreover, it contains two isolated methylene groups which 
should give rise es two discernible AB quartets. Again 
Ehge 1s not observed. 

Pinay, chem 20) (a7. 2) remains as the unique 
structure for allocyathin B. Whicheacecomodates alm Or tne 


evidence. 
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Some relative stereochemical assignments, again 
based on nmr data, are included in structure AQ. Protontt 
is arbitrarily selected to be on the B-face. The large 
coupling constant between proton f and proton j suggests 
that these two have a trans diaxial relationship. The 
coupling pattern observed for the ketal derivatives reveals 
ae pseudo-exo’kconfiguration for provon+j.) Slt “£ollewsethen 
thatsproton b is trans related toproton ’j). Consequently, 
the ether bridge in the hemiketal form 4] is located on the 
a-Side, 

Lt ake from consideration of models that if 
ring B (seesstructure 44 for lettering) as tm a chair con- 
formation, then the two ‘angular methyl groups must be trans 
to one wornoether fase Inestructure 42 (eas B/E ringijuncture) 
or 43 CErons 95/76 going juncture). 

On the basis of the evidence presented it is not 


possible to decide which represents the stereochemistry, 
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42 | 43. 


or indeed, since we cannot rule out the possibility that 
Zing, 6 1S in the twist conformation, tosdraw any further 
firm stereochemical conclusions. 

Since the many spectroscopic measurements sug- 
gest that cyathin A. is dihydroallocyathin Bay Structuxes 
AA and 45 are proposed for the ketone and hemiketal form 


of cyathin A,,respectively. The numbering of the carbon 


3/ 
atoms and the lettering of the rings adopted for further 


Giuscussions 2S indicated in structure Ad. 
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The constitution of cyathin A, has been confirmed 
by an X-ray crystallographic investigation, carried out by 
DESasMeaYyeBennest andgwRuM:. Tuggle*®, The X-ray analysis 


(see ,Appendix 2) cenitmms thatccyathin As "eryetallizes in 


3 
the hemiketal form and also reveals the complete relative 
stereochemistry. '8The’ conformation in’the solid state can 


be approximated by structure Ag, in which both six-membered 


rings assume chair forms. 


The absolute stereochemistry remains to be deter- 
mined. 

Up to this point the assumption has been made 
and evidence 


that allocyathin BZ is 1,;2-dehydrocyathin A 


3 oa 
from both series has been used to solve the structural 
problem. It was now necessary to justify this assumption 


by correlating the two series. 
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4) Correlation of Cyathin.A, and. Allocyathin B 


3 
Hydrogenation of cyathin A 


3 


3 04 dehydrogenation 
Orral tocyathin B. should be the simplest reactions to cor- 
relate the two compounds. A controlled dehydrogenation 
would probably require a multi-step procedure (e.g. oxi- 
dation or halogenation at C-2, followed by dehydration or 
dehydrohalogenation) and has not been attempted. It was 
anticipated that hydrogenation would also be accompanied 
by difficulties, as allocyathin B has four sites of unsat- 
uration which could become involved in a hydrogenation 
Peaction:. »sreduction of, the, carbonylugroup could, poten— 
tially, lead to one pair of epimers, saturation of the 
trisubstituted double bond to another pair, and saturation 
of the tetrasubstituted double bond to another two pairs. 
Considering further that side reactions such as isomeriza- 
ton endahydrwogenclyses ‘could occum~” the’ number), of poten— 
tial products becomes large. 

A smoother#hydrogenation reactiom might result 
by using the methyl ketal as starting material: one of 
the unsaturated sites, the carbonyl group, is masked; the 
chances for stemeospecific hydrogenation are increased, 
Since the, ketal has”a mone) rigid conformation: in general, 
the ketal appears to be more stable and, therefore, should 
lead to fewer side products. 


Hydrogenation of conjugated dienes is believed 
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to follow predominantly a 1,2-addition mechanism*?, Tetra- 


substituted double bonds require more drastic reaction 
conditions than less substituted double bonds in 

order to undergo hydrogenation. [ft therefore appeared 
possible to saturate the disubstituted double bond of the 
cyclopentadiene moiety selectively by carrying out the 
reaction at atmospheric pressure and room temperature. 


e @isuble bend 


However, it was felt that the A 
might also be affected under hydrogenation conditions. It 
was, therefore, decided to carry out the reaction first 


Wath cyathin A, methyl ketal, <iIn a few exploratory experi- 


5) 
ments it was soon seen that a number of products are 


formed. The principal products appeared to be Ade au Be 


and rv « 
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Compounds 47 and 48 and the epimers A2 and 20 
give rise to well-separated spots and can be isolated 


Without difficulty by ptle. The polarity (R-value) of 


16 
the compounds decreases (increases) as expected in the 
erder alcohol, aldehyde, "hydrocarbon". It. is possibile 
that the materials assigned structures Aq and 48 each con- 
Sist of a mixture of C-12 epimers, since both were charac- 
terized by ir and mass spectrometry only (AA enw Seay 
C5783 493, hydroxyl absorption; 48: mw 318, C5 4H3405) no 
hydroxyl abearpeioue 

Compound 2a readily crystallized: crystals 
were deposited from both ether and carbon tetrachloride 
solutions when the solvent was allowed to evaporate. 
Hydrocarbon solvents such as isooctane or Skellysolve B 
appeared to be the most suitable for recrystallization. 
The melting behavior as observed on a hot-stage melting- 
point apparatus appears anomalous: the crystals transform 
antova slush at 113-115° stand “do mot give arclearimeltyeven 
at 135°. Molecular weight and composition were determined 
by mass spectrometry (Figure: 495) = 98332, C5 183593: Compound 
20 is. AN “isomer of the starting materials) Wheytact that 
the peak atiim/e 141. is nov.longer of Great intensity), ,how- 
ever, leaves no doubt that r2 is different from the start- 


ing material. 


The solid-phase ir spectrum (Figure 42) reveals 
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Figure 41. Mass spectrum of aldehyde ,jQ 
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Figure 42. Ir spectrum of aldehyde 79 (KBr pellet) 
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Figure 43. 100 MHz nmr spectrum of aldehyde 20 (CCl,); 


A, undecoupled; B, signal at 6 4.45 irradiated; 
C, signal at 6 9.64 irradiated 
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absorption characteristic of an aldehyde, at 2710 and 1725 


=i); : 
cm ~~. The hydroxyl absorption must be due to water, since 


Zt is absent in the solution spectrum (Figure 44). 
The nmr spectrum (Figure 43) shows a character- 


istic aldehyde signal at 6 9.64 with Ji5 45 = ZinZ ae PLOCOnN 
Ad 
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shows clearly that there is, at most, a very small coupling 


(0),.5 HZ) or Hy 5 with Hois 12 


endo.pos ition a(ivew adsoebs trans to ithe joxygemibridge)-rand 


phexjaldehyde.-function che exo position’, 


Consequently, H occupies the 


Compound 49 is slightly more polar than 50. If 
allowed to stand in methanol containing sodium carbonate, 
it isomerizes to ah. The reaction can be followed by tlc 
and the identity was established by tlc and ir spectroscopy. 
As C-12 is the only epimerizable center, it follows that 
AQ is the C-12 epimer of jf. 

The oroducke! dstrebutioen dependsuoni creche ctype or 
catalyst and the pH of the solution used for hydrogenation. 
(Other factoxns) such; asi/solvent » addiitvony off promotens: and 
inhibitors, and temperature were not investigated.) Plati- 
num and rhodium catalysts seemed to favor production of 
the alcohol(s). Much hydrogenolysis occurred under acidic 


conditions, whereas in a strongly basic medium, hydrogena- 
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tion seemed to be inhibited altogether. It appeared that 
the best results were obtained in neutral or slightly 
alkaline solution. Neutral conditions led to aldehyde 

42, and slightly basic conditions to aldehyde nO, as well — 
eo to other products. 

Some of the above observations were actually 
made using allocyathin Be methyl ketal, but have been 
included here in order to provide a more concise descrip- 
tion. 

Since aldehyde ro readily crystallized and its 
spectra displayed several distinctive features, it was 
decided to correlate cyathin A, and allocyathin Ba via 


this compound. When allocyathin B, methyl ketal was sub- 


3 
jected to hydrogenation, using neutral conditions, alde- 
hyde 49 was obtained. When 49 was then subjected to equi- 
libration in methanol containing sodium carbonate, £0 was 
produced, as ‘shown by ‘tle and’ ir spectroscopy (Figure 44). 
Despite the fact that the aldehyde from allocyathin B, 
could not be obtained crystalline (the experiments were 
conducted on a very small scale), the close identity of 
the ir spectra does,support the valid@ty,of “the correla- 
ELON. 

The hydrogenation experiments finally confirm 


earlier chemical and spectroscopic evidence that cyathin 


Ay has structure Ad. Since the relative stereochemistry of 
U 
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Figure 44. Comparison of the ir spectra of aldehyde 20 
obtained from cyathin Ay methyl ketal (B) and 


allocyathin By methyl ketal (A) (CC1,) 


cyathin A. was revealed by X-ray analysis, these same 
experiments also establish the stereochemistry of allo- 


cyathin B as shown in jl. None of the asymmetric centers 


3° 
C-5, C-6, C-9 and C-11l should be affected during hydrogena- 


thon . 
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5) Biogenetic Considerations 

The molecular formulas of the cyathins and the 
number of C-methyl groups present in them suggest that they 
are diterpenoids. The carbon skeleton PF, established for 
the cyathins is not among those listed in the "Handbook of 


heel | 


Naturally Occurring Compounds' andmtorthe sbesttofvour 


knowledge has not been reported elsewhere, 


S) 2 
Geranylgeranyl pyrophosphate (2) is regarded 
aouchie maturad precursor of the diterpenoids>*. The 
carbon skeleton of the cyathins may be derived according 
to the hypothetical Scheme IV outlined below. Oxidation 
and reduction at the various centers to the appropriate 
levels at some stage of the biosynthesis will lead to 


the various individual cyathin components. 


Scheme IV 
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III. GENERAL EXPERIMENTAL 


Rucl Py rorr Solvents and Adsorbents 
Commonly used solvents (reagent grade) were 
checked for purity. The following amounts of residue were 


obtained after distillation at atmospheric pressure. 


Solvent Residue [mg/1] 
acetone LS 
benzene 10 
chlorororm 10 
ethyl acetate 30 
methanol 7 


The residues seemed to consist mainly of rust and silicone 
grease. However, acetone and ethyl acetate contained 


impurities that had R,-values similar to those of cyathin 


£ 
constituents. For many purposes the amount of contamina- 
tion was intolerable; the solvents were therefore distilled 
Drior to use. 

The purity of adsorbents was checked in the 
following way: 20 g adsorbent was stirred in 200 ml solvent, 


the adsorbent removed by careful filtration, the solvent 


evaporated under reduced pressure and the residue weighed. 
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Adsorbent Solvent Residue [mg/20 g] 


Srrre.c acid chloroform teamed 
(Mallinckrodt, 100 mesh) 


Silica gel G acetone 265 
(EF. Merck) 
No convenient method was found to remove the contaminants 


and the adsorbents were used directly. 


Thin-Layer Chromatography 
1) Preparation of Thin~-Layer Plates 

Thin-layer plates were prepared according to 
the method described in Stahl's handbook?°, p27, using 
DESAGA equipment. 

The two principal adsorbents used were: silica 
gel G (E. Merck) containing 1% electronic phosphor (ZnSi0,, 
General Electric) referred to as ordinary silica gel; and 
Silica gel G impregnated with 10% silver nitrate (argen- 
Gated osilicavgel)... vwin.sorder to obtain ~zanvadsorbent layer 
of 0,05.%.20 x 2100 .cme uslurries made. of 750.0 '+si.13cGa gel 


eng LbO mi. O or eof 45° oq siluca gel send ui O0O sn Ot am 


2 
aqueous solution containing 5 g AGNO., were prepared. The 
adsorbent layers were activated at. 120° for 2 hr.. Inthe 
case of argentated silica gel, particular care was taken 

to use clean materials and equipment and a dust-free oven; 


otherwise discolored layers resulted that made subsequent 


detection difficult or impossible. Layers were protected 
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from light as much as possible and preferably were used 
the same day. The tlc spreader was cleaned immediately 
after use, since the argentated adsorbent is very corrosive. 
The dimensions of the plates used for prepara- 
Eve work were 20 1x 100' or 20 x 20. cm: for analytical 
Mack g 20 x 20, v20 36 LO COr, 20.4% 5 Ciné “The “ehickness. oF 
the layer for preparative work was 0.5.- 0.7 mm; for 
enalvytacal work, ).0.3)— O75 mm. For certain purposes 
(following the course of a reaction or the progress of a 
ehromatographic Separation), microsbides (1 x 3 an. and 2.x 
2o1n..) coated with ordinary silica gel were used. These 
were prepared by dipping the slides into a suspension of 


the adsorbent in chloroform. 


2) “Application of Samples 

In analytical work, the sample was applied with 
the aid of a capillary. A manual application method was 
also used for preparative work. The sample was dissolved 
ime ean amount Of solvent such that the viscosity of the 
solution was low enough. to allow free flow through the 
Orifice of a micropipe: , (200 mg/l mi was satisfactory in 
most Sa) The least. polar solvent possible (and pre- 
ferably with a boiling ‘point of 50=80°) was chosen for 
dissolving the sample. Skellysolve B (a hydrocarbon 
Mixture. With @ -boOlling point of ~65") was thesideal 


choice, but because of solubility problems carbon tetra- 
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chloride, chloroform or acetone frequently were substituted. 
It Was necessary to’ friter® the’solution through’ a pltg of 
CoOcCeon*wool Lorremeve lint)’ etc. YeMicropipets holding 
a? VOLuMerOoLv0; SomivandShaving@an Orifice of <0.20mm 
were manufactured from ordinary glass tubing (internal 
diameter 4 mm), and fitted with a soft rubber bulb. The 
pipets were tested before use with pure solvent and only 
those which gave a very fine, uninterrupted jet of solvent 
WeELe,USeCHEOS appl yaAthen solutions TOs thes tlespleatesr A 
300-mg sample in»1l ml solvent could be applied in a straight 
Ne by moving the pipet approximately five times across 
ay¥Z0)xwl100 cm plate. o* The technique required:a Jot of 
Peaccrce at first (particularily with regard to "straLght 
line" and "uninterrupted jet"), but subsequently was used 
very efficiently. 

For initial, rough separations 200, — 300 mg? of 
substance were used on a 20 x 100 cm plate; for finer 


separations, 100 — 200 mg were used. 


Byenbetectionnof USpotshorebands 
TIntanalyticalltworkewitheordinary silica gel, 
spots were visualized by spraying the plates with 30% 


HesO, and subsequent heating -themotoevil0 la (orevice versa), 


2- ~4 
or were detected by viewing under short-wave uv-light 
(254 nm). .The latter method is very sensitive for com- 


pounds containing chromophores that absorb in the 250 nm 
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region, e.g. conjugated enones and dienes. 

The uv method was also used extensively for 
preparative purposes. Alternatively, particularly in cases 
of nonabsorbing compounds, chromatography on an analytical 
tle plate was carried out first. The spots were detected 
by the H,SO,-method and the results extrapolated to 
preparative separations. 

The H,SO,-method was also applicable for analy- 
tical purposes on argentated silica gel. A non-destructive 
detection method involved spraying the plates with a 0.2% 


solution of 2',7'-dichlorofluoresein in ethanol followed 


by viewing under long-wave uv-light (325 nm). 


4) Recovery of Material After Chromatographic Separation 
Zones containing organic material were marked with 
a pointed glass rod. The corresponding absorbent was 
removed from the glass plate with the aid of a microslide. 
(Microslides proved superior to any other device.) fThe 
material was then placed in a chromatographic column of 
such dimensions that an adsorbent layer of about 10 cm 
height resulted. The organic material was slowly eluted 
with ether. (Acetone was used in the earlier part of this 
work, but later on ether proved polar enough to allow 
efficient elution of all compounds encountered in this 


work, ) 
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Db) -RECOLrdIng- oF R,--Values 
R,-values are recorded in the form Rp (X)n. The 
letter X refers to the solvent system used for developing; 


the number n is obtained by dividing the distance travelled 


by the particular component by the distance travelled by 


the solvent front. In cases in which argentated silica 
gel was used,the expression "AGNO " is added within the 
parenthesis, 


It should be noted that the tlc experiments were 
not carried out under standardized conditions, i.e. age 
ereplates, tank: Saturation, etc., varied... Consequently, 
the R,-values are not strictly reproducible and it is 


estimated that they might vary by 0.1 -—- 0.2 units. 


Abbreviations for Solvent Systems 
The following abbreviations for solvent systems 
have been used throughout this thesis: 


A: benzene-dioxane-acetic acid 100:25:1 


B: benzene-acetone-acetic acid 7023021 
C: benzene-acetone-acetic acid Toe o St 
D: benzene-acetone-acetic acid 80:20:1 


E: alcohol free chloroform 

Fe chiororonm (0.752 clLhanol) 

G: chloroform-methanol 98:2 
H:  chloroform-methanol 95:5 


I: chloroform-methanol 9.0200 
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J: Skellysolve B-acetone aE 

K: Skellysolve B-acetone Jere 

L: Skellysolve B-acetone epi 

M: Skellysolve B-acetone Sypshk 

N: Skellysolve B-acetone Des 
Sublimation 


The term "sublimation" has been loosely used. 
It includes evaporation and condensation under reduced 
pressure (0il pump) of gum-like substances. The terms 
EmoLecular distilbation”, “evaporative distillation", 
"Substillation" have been used elsewhere for the same 


process. 


Acetylation Procedures 

Procedure 1) A mixture of 20 mg substrate, 1 ml pyridine 
and 0.5 ml acetic anhydride was allowed to 
stand at room temperature overnight. 

Procedure 2) A mixture of 20 mg substrate, 1 ml pyridine 
and 0.5 ml acetic anhydride was allowed to 
stand at room temperature for 2 hr. 

Proceaure 3) A, mixture? of 20 mo. substrate,10, 16 ml .pyri— 
dine, 0.08 ml acetic anhydride and 1 ml 
methylene chloride was allowed to stand at 
room temperature for 1 hr and then at slightly 
elevated temperature (40°) until the reaction 


was complete (as indicated by tlc). 
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The: reaction, mixture (after using any of the 
procedures) was taken up in benzene (%5 ml) and evaporated 
under reduced pressure to remove the bulk of the reagents. 
The residue was taken up in benzene (2 ml) and washed 
with one drop of water. The benzene layer was removed 
and evaporated to afford the crude acetyl derivative. 

Alternatively, the bulk of the reagent was 
removed by evaporation (30°/1 - 2 mm), the residue taken 
up in ether (%20 ml), washed with small amounts of water, 
dried (MgSO, ) and evaporated to afford the crude acetyl 


derivative. 


Measurement and Recording of Spectra 

All mass spectra reported in this thesis were 
measured on an A.E.I. model MS-9 mass spectrometer and 
are recorded aS a percentage of the most intense peak 
(base peak). High resolution mass spectrometry (hrms) 
was used in most cases to determine molecular formulas. 
The measurements were carried out by using a direct probe 
70 — 200°) at anwtonization energy of 70 eV. 

Infrared (ir) spectra were recorded on a Perkin- 
Eimer model 421 dual. grating, or a Unicam SP 1000 infrared 
spectrophotometer. 

The Raman spectrum of solid cyathin A, was 
recorded on a Laser-Raman instrument manufactured by 


Spex Industriestinc. 
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The 220 MHz nuclear magnetic resonance (nmr) 
Spectra were measured on the 220 MHz Proton Nuclear 
Magnetic Resonance Spectrometer at the Ontario Research 
Foundation, Sheridan Park, Ontario. The other nmr spectra 
were measured on a Varian Associates model A-60 or HR-100 
spectrometer, Nuclear magnetic double resonance (nmdr) 
experiments were also performed with the latter instrument. 

Tetramethylsilane (tms) was used as an internal 
standard for samples measured on the 60 and 220 MHz 
instruments. Tms also provided the internal lock signal 
for most of the experiments carried out with the HR-100 
instrument. In some instances, chloroform or benzene was 
used for this purpose and tms was then added to produce 
the reference signal. However, in some experiments in 
which benzene-d - was used as solvent and benzene-h> as 
the lock signal, the addition of tms was omitted; in 
these cases the eee heal was assumed to be at 7.20 ppm 
Hperebraerrom the lock signal?’ The o-scate has been used 
throughout this thesis to express chemical shift values. 
It is estimated that the éd-values might have an absolute 
CEror of 20’) ‘ppm. (Differences of this order were regu- 
larly encountered when the measurement of a particular sample 
was repeated.) However, the relative error (important 
for ‘shift separations and coupling constants) should be 
mich less'4(V20 005)" rhe “pattern” of ‘stgnrals Is denoted 


by: ‘s = sanglet, “a= doubler, =“ Traipiet, = Guadrupiec, 
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m=" unresolved multiplet, "b = brodd, uu = unresolved band. 
Most of the ultraviolet (uv) spectra were recorded 
on a Cary Recording Spectrophotometer, model 14M. Optical 
FOCaAtOry dispersion (ord), circttlar dichroism (cd), some 
uv Spectra and optical rotations (fo],) were determined 
on a Durrum-Jasco Recording Spectropolarimeter. The deter- 
mination of the wavelengths of the maxima is probably very 
accurate (error less than 1 nm); however, it is estimated 
that the values of the extinction coefficient (e€), molecu- 
Par rotation. (fois. and. dichroic. absorption (Ac) “could 
have an error of as much as 50% since quantities of the 
order of 2 mg were measured on a balance that had an esti- 


Maved accuracy OL. t0.5.mg. 


Sample Preparation for Spectroscopic Measurements 

It was difficult to obtain solvent-free samples 
in the case of gum-like substances. Even after prolonged 
aGrving at Vi-mm some traces Of solvent were uSually still 
present. 

When the spectrum of a substance was to be mea- 
sured in solution, "purging" with the appropriate solvent 
proved very effective in overcoming this difficulty. The 
sample was dissolved in a small amount of the solvent to 
be used and the solvent was subsequently removed by evapo- 
ration under reduced pressure; this process was then 


repeated twice. All volatile contaminants could be removed 
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in this fashion. Insoluble impurities were then removed 
by filtration through a plug of cotton wool. 

Samples were submitted to the various Spectro- 
scopic Services of this Department for the measurement of 
mass, 1r and nmr spectra {except 220 MHz.nmr spectra); 
some of the,ar and .most.of the uv,iord. and.cd,spectra 


were Measured” by* the author: 


Melting-point Apparatus 

In the few instances that siasiesgee 1 Motels compounds 
were obtained, the melting points were determined on a 
Leitz-Wetzlar hot-stage melting-point apparatus fitted with 
a microscope. Alternatively, a Eee onns melting-point 
apparatus was used to determine the melting point of 


chromocyathin and its derivatives. 


Microanalyses 
Microanalyses of chromocyathin and its deriva- 
tives were performed by the Microanalytical Laboratory of 


this Department. 
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IV DETAILED EXPERIMENTAL 


Production and Isolation of Crude Cyathin 
(Teken (from B., NN. Gohri, “Ph.D. thesis), -p ae 


"Transfers of mycelium of the fungus Cyathus 
helenae were grown throughout as 'Still-Surface' 
cultures. Brodie medium, without agar and con= 
taining 2% dextrose (but no maltose), was used 
curing tne, eariaer pert Of ithe work.) A quantity 
of 200 ml or 400 ml of this medium was dispensed 
into a 500 ml or 1,000 ml Erlenmeyer flask and 
autoclaved. The medium was inoculated with three 
or four 8.0 mm discs of mycelium of Cyathus helenae 
taken irom’aslomco Po-cay old tcotony growing son 
Brodie solid medium. During the summer of 1968, 
as much as 45 liters of broth were extracted. 

The mycelium was removed by passing the broth 

from cultures (25-day-olc) through a thick layer 

of cheese cloth. The broth was then extracted 
useing al equal, VOlUMe Ossmeunyl acetate, “ihe~vyel= 
lowish ethyl acetate extract, along with some 
aqueous dark-colored impurities, was again passed 
EHLOuUGgh althich bayer Of Cheese Je1otn.. thew resulLt= 
ing yellow liquid was reduced to dryness under 
vacuumpat 35°C. This operation«produced a»nreddish— 
brown powder, highly soluble in acetone or ethyl 


acetate,” 
See Introduction for the composition of Brodie 


medium. From 2 1. was obtained 0.2 —- 1.0 g crude cyathin. 


Isolation of Chromocyathin 


Crude cyathin complex (127 9g} > part of Cctober, 
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1969 crop) was triturated with chloroform (15 ml). The 
undissolved material (0.59 g) was obtained as a micro- 
crystalline yellowish-brown solid after filtration. Sub- 
Limation (140-170°/0.3 mm) followéd by recrystallization 
from chloroform-methanol (9:1) gave yellow crystals of 
chromocyathin, mp 216-219° (dec); uv (MeOH): fens be 241 


ere 2700.0) '282. SLE -O0e) 3250 nmele Sroody. ar (nue!) 


i 


39905 316071630 7"1610 771590 "em = “ame (acetone-d_-): 


veep a PHP es ;+ChOve 7. USS (ih, sy waromatic eH) =64 34 CLHF 
S, aromatic H); mass spectrometry: calcd mw for C5H_O,: 


PoAveround: Mlo@sahrms or m/e 153, calcd for ClH,O,: 


foo .0 to, LOUNG? L53,01L07 , 


Synthesis of 2,4,5-Trihydroxybenzaldehyde 
1) £2) 4-Trlacetoxybenzene?? < 
A mixture of benzoquinone (48 g, 0.44 mole), 
acetic anhydride (144 g, 1.41 mole) and conc HSO, ¢5> mL) 
wasekept .aty50° for 2’ hrve*The resulting paste was “stis- 
pended in water and the precipitate was collected by fil- 
tration. The filter cake was recrystallized from 50% 
ethanol (200 Ha )?, @ VYPSlde 100g (SOs) SY Characterized *by 
nmr only (CDC1,): ORR heh Ais aromatics. 2-25 -(9H, 


Bpises OFCCHSy. 


—_—_—— 
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2) 1,2,4-Trihydroxybenzene??’ ae 


A mixture of 1,2,4-triacetoxybenzene (100 g), 
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methanol (200 ml) and conc H SO, (10 ml) was heated under 


Z 
wetlux for ihr... The reaction mixture was neutralized 
with Na,Co, (20 g), taken up in ether and washed with 
Saturated NaCl solution. The ethereal phase was dried 
with CaCl. and the ether was evaporated under reduced 
pressure. The residue solidified on standing in an evacu- 
ated desiccator, mp 130°. The yield was not determined. 
Caeraccerrzed by nmr “only (acetone-d_): Oe eo NO TOL Oda, 
Zero) 7 O.0> (ig dy 0 = Sz, aromatic, H) 6.40) (ll dy 
wee ie),  aArolat heise, “Osho Meri, CG uo. =o, 5 HZ fg AaLrOmatLe 


H), 3.4 (1H, broad, OH). 


Dee, 4, o-trihnyaroxybenzaldehyde: (Cyanide Mernogece ata 


Lj 2, 42 ranyaroxybenzene (6. 3,0, 0.05 mole) was 
dissolved in ether (100 ml) and potassium chloride (0.1 g) 
and zine cyanide (11.7 ¢g, 0.1 mole) added. The suspension 
was cooled in ice and vigorously stirred while a rapid 
stream of dry hydrogen chloride was passed through the 
mixture for 1 hr. The ether was then decanted and ice 
(56.9), Was added).to the residue. The resulting mixture 
was heated on the steam bath and the reddish precipitate 
(3.0 gi, 393). removed by"filtration. Sublimation, of a 
portion of this material followed by crystallization from 
chloroform-methanol gave 2,4,5-trihydroxybenzaldehyde, 
mp 216-219° (dec), reported 223°1*, This material had 


the same spectral characteristics as chromocyathin (natu- 
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4) 2,4,5-Trihydroxybenzaldehyde: Orthoformate Methoa?/ 


1,2,4—-Tribydroxybenzene (12.5 ¢, O21 mole), 

triethyl orthoformate (100 ml, excess) and ether (300 ml) 
were placed in a l-liter three-necked flask fitted with 
condenser and mechanical stirrer. The mixture was cooled 
in ice and aluminum chloride (10 g, 0.15 mole) was added 
@ver a period of 5 min. The mixture was stirred at irt 
for 0.5 he and subsequently poured into.5% hydrochloric 
acid (500 ml). The product was extracted with ether (a 
tocal-Of 1.1..), the extract washed with NaHCO, solution 
until neutral, dried (MgSO, ) and the ether evaporated 
under reduced pressure. Recrystallization of the residue 
from chloroform-methanol gave brown crystals of slightly 
impure 2,4,5-trihydroxybenzaldehyde (6.9 g, 45%). The 
low yields are likely due to the fact that the product 
decomposes, particularly when exposed to air in alkaline 
solution. In order to remove the brown impurities, the 
Materidalswas. sublimec,(150=170-/0.2 30m). The ‘Spectra 
were identical with those of the other preparations. A 
Microanal ysi.s..was~also.pertormed..-Ana...cCalcd—for C5H.O,: 


SOO vee oe COUN. 8 Cae ne eael si. 


Preparation of 2,4,5-Triacetoxybenzaldehyde 


2,4,5-Trihydroxybenzaldehyde (1.15 g, 0.0075 
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mole) was dissolved in pyridine (12 ml) and cooled in ice. 
Acetic anhydride (6 ml, 0.06 mole) was added gradually. 
The mixture was allowed to stand at rt for 10 min, then 
Poured antosgcold water (l00gmlL)s stirred.and. filtered, 
Recrystallization from 98% ethanol yielded 2,4,5-triace- 


EOxvyoeonzaldehyde (13139 9), /583), mp 114—-115°> reported 


115°°®; ir (CHC1,): no hydroxyl, 1760, 1690 cm"; nmr 


(CDC1.,): O10 r dS (asec), fete (LHe 5, arOomaticun), 


gee20) REDS, aromatic, Hie 2. 35. (3He se O,CCH,), 22S OH, 


eS 


Se xX 0,CCH,); hemses ..caicd,.. for C1 3H) 504: 


os 


Pound: » 290, 0584 -emassespectrum: m/e 280 (0.3), 238.(10), 


250,050 5'° 


oe G0) arboe (LOO) BLoS «LO iy Anal acalcd stor C1 3H) 595: 
SD On owt, “hw 2k TOUNds.) Cog 5S. Oe eA), 
On standing in ethanol the eee aa reverts to 
2,4,5~-trihydroxybenzaldehyde and decomposes further. 
Chromocvathing (“natural metertal™, 0.23 9) was 
treated in an analogous way to afford the acetyl deriva- 
ceive (0711 9), mp 1l4=115°, tundepressed on admixture of 


Wsynthetic” 2, 4,5=triacetoxybenzaldehyde. Ir and nmr 


spectra were identical with those of synthetic material. 


Mittal SeparamvonvofoCrude Cyathine extract :9¥ Column 
Chromatography 
1) General Procedure: 

Afters starring: the enude, exteactY with a small 


volume of chloroform (1 ml per 100 mg), remove insoluble 
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chromocyathin (CHH.O,) by filtration. 
Subject the filtrate (after evaporation) to 
column chromatography on silicic acid (Mallinckrodt). 
The ratio of adsorbent to substrate should be 40:1. Sel- 
ect a column in such a way that the adsorbent bed has a 
height of 100 mm. 
Use three solvent systems as eluents: 
rr) ChloroLorm 
G) chloroform-methanol (98:2) 
H)sehloroform-methanokl (95275) 
Syocem FP will elute group I and group Il; system G, group 
Pie; and system “H, group iV and Group V constatuents. 
(see-Clapter It, py UG, @ror the group classifications.) 
Monitor the eluate frequently by tlc in order to change 
the solvent systems at the right time and to assign the 


Varlous. Lractions: to groups I-V. 


2) Example: 
Onwanuany J allo 0 482.62 sO eChromocy atiin-1rrec 


extract (a portion of the material obtained from the 
October '69 growth) was chromatographed on 82 g of silicic 
aCid.. (The adsorbent colunn had a hergnt of 90-and a diam 
eter of 55 mm. The substrate was eluted with 2.2 1. of 
system | (group £ and 11 eluted)jy4.1 2 of G i(group 11, 
Lie wand itv) andi” er Oise CG rOUpI Ey said ai). 


After evaporation of the solvent, 0.086 g group I, 


( BAO? See 


aac 


Suge 


My 
wa 


aa x00 


ce se 


’ 
‘ 


Oo. 


ogi cake 
: AOE. ed? pane 
ahd’ ei ca vee 


{Bene ed a be wise sites 


r 


ih Sek ue ) coped a - we oi 


faye sti ayes ae a sei oyete a 
aM 7 quidhas Sea gies © vt ood cae 
Mibesite clay sae eel yee Se “it | 
Lane wit StS 10 pera earns 602" 


‘© Da 
7 a a iy iP 


= 


bel ae) etal anabolic! Ve a 


J 


pad: Duty: ry ba i ti: 8 along 


2 Ae 


UE Looe ge*group, Il, 023385hg group ILl, 0.176 q group IV; 
and 0.683 g group V components were obtained. 


in“ group if cvathin. B (Re (BE eOle Os ee CHO eo) 


at ue da 
was the major component. It was further purified by col- 


umn chromatography on silicic acid and by sublimation 


(100-110°/0.05 mm); hrms: called esron 2039, 


Co 0H2g93 | 


found 31672038 ) 29] Masseandiir Spectra of cyathin- Bseane 


s) 
reproduced in’ Chapter ILL. 

Group II contained at least two components. One 
of the fractions partially crystallized. A few of the 
erystals (allocyathin Ay) were collected, mp 85-90°, Ry 


Me) 02579 hrms: (calcdey .334.21449% found: 


~20%30°% , 
B34..2139 how Massvand®ir*spectravofsallocyathin Ay are 
reproduced'in Chapter II. 

Group III contained chromocyathin, as indicated 
by’ the yellow! color! of) the) solution\ and tice characteris-— 


ereccyiRy. (B)> 0n4 3h and) at Teast twoy other’ components: 


a 
one of these was cyathin Az, Re (B)@Q.e1 ,Wand> thesother 
possibly cyathin Bar Re (B) G08 39% 
Group IV contained at least two components, as 
yet unidentified, Re (ByiO0, £8: ands Og 5. 
The major component in group V was cyathin Ayr 
(By 0.09% hrms: C2. HW Oy. cated 334.2184 found 


£ 20°30°4 
334.2146)..) Mass and Gro spectra of cyathia A, are repro- 


R 


duced in Chapter II. 
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Initial Separation of Crude Cyathin EXErACE:s.01n—-Layer 
Chromatography 

Two examples will be given to illustrate the 
method. 
iL). Separation of April "69 CEOD an Maya G9 

This batch had been produced by using a culture 
medium that contained maltose (60 g/l.) as the sugar source. 
It is known as batch VI. The broth (4 1) was extracted 
with ethyl acetate (4)1). “After drying and evaporation, 
3.03 g Of crude extract was, obtained. Extraction ,with 5%3- 
NaHCco, solution removed some of the chromocyathin. When 
the residue from this process was stirred in ether, more 
chromocyathin could be removed by filtration. The residue 
(2508 gq) now contained only minor amounts ,of ,chromocyathin, 
as judged by tlc. 

This material was applied manually to six 20 x 
100 cm tle plates (silica gel G containing electronic 
DhROSPNOL , sled mm kthick).) solvent osystemec was yused sfor 
developing. Several bands were detected under short-wave 
uv-light. The layers were divided into five zones, scraped 
off,and the organic material was eluted from the adsorbent 
with acetone. 

Group R, (C)> range amount [mg] 
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Group Ry (C) range amount [mg] 
1m O74 = 026 583 

IV O215="0..4 333 

V Oy Oat. 0 5 cD fo Je 


thie mayor Component in-group V was cyathin’A, (tlc). 


4 
Group IV. contained a mixture (tlc) and was not 
further investigated. 
Group II contained several unidentified compon- 


ents. 


The major component of Group I was cyathin Bor 


identical with the component mentioned above (tlc). 
Group III contained chromocyathin which was 
removed by stirring with chloroform and subsequent filtra- 


fron, No cyathin A, was fotnd in the filtrate, but a new 


3 


compound, cyathin Bar Rk. -€C) 0.5, was detected, This 


se 
Material was further purified by ptlc. “Attempts at crys-— 
tallization and sublimation were unsuccessful. The molecu- 
lar formula was determined by hrms: Co H> 90, (calcd 
Ho2.1986, found 33271985) ." "Mass and ir Spectra or cyathin 


B are reproduced” in Chapter Il. 


4 
The preparation of derivatives of cyathin By 


such as the acetate and acetonide was unsuccessful. 


2), Separation Of July. 169 crop iin August. 169 
This batch was considered somewhat irregular 


since part of the fungal mycelium had submerged during 
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cultivation. 

Artes extracbionewithelVeLiof ethyl] tacectate, thi«l. 
@Esbroth iyiehdede2.7lugeofyeruGe extract; #243 kig yofethe 
crude extract was ether soluble. 

The ether soluble, extract, (1.96-g).was subjected 
to ptlic on five 20 x 100 cm plates, as described above. 
After developing and eluting, as also described above, the 
following fractions were obtained: combined groups I and 
Pees mg? Lily O20 ng; lV, 2/70-mg;) ana ty, 504.mq. 

According to tlc,all groups consisted of several 
components, except possibly group V, an) which cyathin A, 
appeared to predominate. Combined groups I and group II 
probably contained some cyathin Be, but were not investi- 
qgatedgiunther cat ithus stages CConsitatwentsofPrgroup IV 
were not investigated. 

Group III again contained chromocyathin which 
was removed by stirring with chloroform and filtration. 


The filtrate, which contained cyathin A, as a major com- 


5 
ponent (tlc), was further purified by acid-base separation. 
(It was found later that cyathin A, deteriorates if allowed 
to stand in alkaline solution). In one instance 465 mg 

Of the group ILL constituents gave.373) mg chloroform 
soluble; 102 mg chloroform soluble gave 41 mg neutral 
material. This isolation procedure was probably quite 


wasteful. Material thus obtained appeared rather pure, 


Re (CC) 0.36, RroMs: C5 yH3903> The last puriticatwon step 
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Was Sublimation (170°/0.05 mm); the “sublimate”™ was a 
colorless glass that "melted" at 40-45°. At the time, this 
Was considered very pure cyathin Az Diy actually proved 
to be what is called NA. Mixture” in Chapter 22... Spectra 
were recorded and derivatives prepared; however, they will 
moe be discussed here since this material was a mixture 


of what is now known as cyathin A, eandwallocyaLconin Ba. 
Preparation of Crude Cyathin by Ayerst Laboratories and 
Isolation of Patulin 

Report received from Ayerst Laboratories (March 
il): 


"120 Fernbach flasks containing 300 ml of 
the medium were inoculated with 8 mm discs of 16 
days' growth on agar of Cyathus Helenae F-638. 
The flasks were incubated at 22°C for 29 days. 
At the end off incubation period, 32 litres ,of 
the filtrate were recovered by filtration. The 
filtrate was extracted twice with one v/v of 
ethyl aceuate, the “ethy) acetate extracts were 
combined, dehydrated over sodium sulfate and eva- 
porated to dryness to yield about 12 grams Onis 
dry .cesidue.» This residue hasim.i,¢c.. against 


Stapn. -dureus: Of 6.5) UG/ML. 


Patubincwas found "in iboth of tthe «two Ayers % jpre- 
parationsrof crudeycyathin. oflt Was ia wroup tl Gheconstituent 
and was separated by column chromatography followed by 


thin-layer chromatography according to the general methods 
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outlined on the preceeding pages. Its tlc characteristics 
(high sensitivity to the uv-detection method, but insensi- - 
tavity to the H,SO,-detection method) distinguished it from 
the terpenoid cyathin components. The crude patulin was 
NOE purified to the extent that it would crystallize. How- 
ever, the spectral data identify the material as patulin>>; 
memes. Calcd for CH.O,: 154.0264, 9 found = 154.0265; has 
(CHC1,): 3680" (weak)i. 35680 (sharp), 3500" (broad), 2950, 
Zecwunweak C-H)," 1780" (very strong), 1750; L675, 1595 ae oy 
nmr (CDCl ,): Oreo Ole (SUL eee Cea ep eevee Te eerily, 


Woy. 3), 4.390 (LH, dd, = 17.4) 3) uv (MeoH): 127500 


276 
(max); nmr of O-acetylpatulin (obtained by following acetyl- 
ation procedure 3), but substituting benzene for methylene 
chloride) (CC1,): OF Ono Or Gl Sep S)) er On Oo Reet hAC pec tee str, 
Meo oO! Clie OGG, 0 =i 5, 2 linden) 42.00) (Hy hdd, 
RS, ew o, Seno CL SOC om Ly ae Oe ed 
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Separation of "A,-Mixture" bye@Chromatography*on) Silver 


Nitrate-Silica Gel 
2 a Column Chromatography 
The adsorbent, 10% silver nitrate-silica gel, 
was prepared by dry mixing Of 25% silver mitrate-silica 
gel (Adsorbosil, 60/100 mesh, Applied Science Laboratories, 


Inc.) and ordinary sifica gel (Fisher, 28/7200 mesh,.;gqrade 
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Ua) einethe, ratioqu2: 3 withthe aid of a sotarvnevanorator. 

Chromatographically pure (by ordinary tlc) NA. 
mixture" (266 mg) was chromatographed on 20 g of 10% silver 
nitrate-silica gel using a 100-ml buret as a column 
(adsorbent bed 16 cm high). 600 ml of solvent system K 
and 300 ml of L were used as eluents. 

The first 150 ml eluate contained no material. 
The next 300 ml contained 95 mg of rather pure cyathin As, 


Re (AgNO N) 0.60%. One of the 50-ml fractions crystal- 


3¢ 
lized spontaneously on evaporation of the solvent, and two 


others were induced to crystallize. The remaining 450 ml 


contained mixtures (altogether 58 mg) of cyathin A, and 


allocyathin Ba, R, (AgNO Ng Pepa he 


£ oi 
This experiment was carried out six times: in none 


of the cases could pure allocyathin B. be obtained. Nmr 


Spectroscopy provided useful criteria to estimate the 
composition of the mixtures: > protons ‘a of the two cya- 
thans appear at slightly ditierent chemical shifts (6 5.99 


Me cyathan A. and: 6.6.02, 1m allocyathin B,). Thewratio: Of 


3 
the integrated signals reflects the ratio of the two com- 


ponents. 


2) Thin-Layer Chromatography 
a) General Procedure 


Apply approximately 120 mg "A,-mixture® (pure 
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Sceonding to ordinary tle) ‘to 2.0.05 x, 20 x! 100 cm thin— 
layer of 10% silver nitrate-silica gel. Develop in sol- 
vent system N until the solvent front has almost reached 
Bie LOD Of “Ene plate. xtlow ror“a=short drying perrod 
under atmospheric conditions and spray the plate very 
Sparsely with. a “0°23 solution of"2",7' =-dichlorofluores— 
cein in ethanol. Locate the separated cyathin A. and 
allocyathin B. bands at Re 


maveruve-lLigic (325 Ni) Mmark*and Scrape Off. Place teach 


0.5-0.7 by viewing under long- 


Scraping in “a “chromatographic” column of such “dimensions 
tier an adsorbent layer of ca. LO cm results and %élute 
each slowly” (I drop/sec) with 150 ml ether. ” Evapowate 


the ether and obtain cyathin A, and allocyathin B Upon 


3° 


should crystallize. 


5 


trituration with acetone, cyathin A, 
Further purification steps are necessary to obtain crystal- 


line allocyathin B3. 


b) Example 
The above procedure was followed on March 23, 
POW Ca 2 OMG "A,-mixture" was applied to each of two 
plates. After development and detection, the cyathin A. 
and allocyathin Be fractions were combined; each fraction 
was eluted with 250 ml ether. After evaporation, 117 mg 


cyathin A, and 79 mg allocyathin B. were Obtained. Cya= 


5 


thin A. crystallized after the addition of a few drops of 
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acetone. 


Crystallization “and Characterization of Gyathin A, 
Cyathin A. (our fred by peic on AgNO,-silica 


gel, partially crystalline, approximately 15 mg) was 
placed in a2 ml Erlenmeyer flask and dissolved in hot 
benzene (%0.5 ml). Cyclohexane was added dropwise until 
the solution became cloudy. A few drops of benzene were 
added to dissolve the precipitate. The solution was then 
allowed to cool to room temperature and to stand undis- 
turbed overnight. When observed the next morning, crys- 
tals had appeared, but they were too small for X-ray 
crystallographic studies. The solution was warmed until 
the crystals dissolved, a few more drops of benzene were 
added and the solution was allowed to stand for a day. 
Again, the crystals were too small and the procedure was 
repeated several times. After a week's experimentation 
a concentration was obtained which allowed sufficiently 
slow crystal growth. The largest crystals thus obtained 
were of the sume tonO cue. x OS memo Lem L SOs eriirms.: 


Caren Lt OLec Selo S  sECUndtmro lS ao 4 LO) 


20430°3? D 


—155°° (C1026 Methanol). Massy eti, nmi, .uV,, OFd and 


cd spectra are reproduced in Chapter ITI. 


F ere te 
Py ee LNT 
oe 
(nd . 
i * 


| : ye i na i eee a 
a, SEs oh Ha | Hela tapos bent > 
h BLE ae gr chide Ao spe Sigel ane : ree : 


zy) é * 


ie ra REE: FRY nt nee exalt bide @ ‘see im 
lost Cen (ieneme OA ydbe reall, yiiattaea 
re Be¢haeet a inte) dens: stpeubin tS, ia a ee 

rich (S00 OSD besciteie eatin nos: Ba ae (ha me 

Et 4 vomit agbisenee snaetty ob tate 

i nie ty odd wed cui 0b 

Bis Soe erectus qe:'s on) Loa, 93/85 

raven | bana Sten saa hentia a ahebe 
VBx=e Nao. Diagn JOP # pe weal wa. Sbxawage bails. 

listo Berttew gare _ yz beh, i, aed phate cise 
| Tes tae to, Syn, 4 ey We % svegorit, alasey 
etna al f pont ees tnkgutoe euttt pain 8 bab 
aby onmbasaad) etel bis) 6 kere oe: baer aistened at rhb 
Chis chilean ous | eae Oe Lede | - stem ttn 9 
VEshstos lie sen tobt te dovicat inka ab bi ibe :: is 
fendtdo aud. Sees any pele hae a he tee 
Chae. 2G pier bet cri gent: * a eh ic 0.8! one 
ght) Mee Me ieee Proce é RO, | 


hive hoe cae in xt 


50% 


Crystallization and Characterization of Allocyathin B, 
Se eee ee a eR Det See ee ee a 


All analogous crystallization attempts with 


allocyathin B3 (purified by ptlc on AgNO.,-silica gel, 


5 


noncrystalline) were unsuccessful. 


Crystals of allocyathin B., however, were obtained 


2 


accidentally in the unplanned methanolysis experiment men- 
tioned: below. 


Other preparations of allocyathin By could now be 


crystallized from benzene-Skellysolve B by using these 
@py steals as seeds. . Still, .crystallization did inot proceed 


as smoothly as in the case of cyathin A the solutions had 


2G 
to be fairly concentrated before crystallization occurred 


and the resulting crystals were always microscopically 


smoaliwomo l43—144° Jhims: , calcd s0% C5 Hy 993: 31632039, 


found: . 316.2031. The mass and ir ‘spectra are reproduced 
in Chapter II. The following characteristic data were 

A = ° 
33 [a], 20 
Om Omang mO.f2.o00( 211, 


obtained from noncrystalline allocyathin B 


(G2 0.226,.smethano.) ssnmis (CDC1,): 


Be Guartet, J Jo eZ eC SUCH) O02 Cli, om pC = CH); 


remainder of spectrum ill-defined; uv (methanol): ee oe 235 


Mil (6.5 pb) sOrd AC. 0 azo, mMetiangds):s [o] 399 =16,000°, 


—24A A000 eCerough) 7 4(C Pp -0 AO) ¢ =i 700.0 


(peak), [ologe ES R000. (Enough), [o] 553 +2,400 (peak); 


cd (GG 0F26\)*methano l): AE354 PSG Sposa x). 
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Acetyiation-~o£; Cyathin A, 


Crystalline cyathinvA, (20 mg, 0.063 mmole} was 


3 
subjected to acetylation procedure 3). Monoacetylation 
required 30 min at 26°; diacetylation,=l0O hr at 35°; mono-— 


acetate: Re (M) Ur 3s dlLacetate: ok. (mM) O24, Re (AgNO M) 


f£ oy 
0.4. Work-up after 10 hr yielded crude 0O,O-diacetylcyathin 
A. (20 mg), a nearly colorless gum containing traces of 
impurity. The material was subjected to ptlc (19 mg) and 
sublimation at 105-120°/0.02-0.2 mm (15 mg recovered). 
The fingerprint region of the ir spectrum remained poorly 
defined and it is doubtful whether much further purifica- 
eloOnewas Ckfected. 1 Characteristic data: hrms: calcd for 
Cy 3405: 402.2406, found: 402.2404; [a], =64° (Cy a0. 23, 
lsooctane); uv (isooctane): £530 fos), E499 gee eiahay ss 
E453 P26 s(mex) 10rd: (C, 0S, .Ss00crane):: [olin -~280° 
(Grough), [o] 363 +2) 7L 00 (Deak ue, Lo] 469 = 200 Cinta ecotrony):, 
[dlogy —22, 500) (trough), [ol 556 =13,2 00m (peakje Caa(C, | On lay 
isooctane): AE 3 +2./3 (pos Max), AE ag -3.3 (neg min). 


Mass, ir and nmr spectra are reproduced in Chapter II. 


Hydrolysis of 0,0O-Diacetylcyathin A. 


by -O,,0-Dracetyicyachin A. (23 mg, Contaminated with 0,0- 
diacetylallocyathin B3) was treated under nitrogen with 
2% potassium carbonate in 80% aqueous methanol (1.5 ml) 


for 0.5 hr. The reaction mixture was diluted with 
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water (2 ml), extracted with ether (25 ml) and washed 
with water until neutral. Evaporation of the dried 
(MgSO, ) ethersextract yielded crude product (16 mg), 
which was identical with cyathin A. (contaminated with 
allocyathin Be) according to tle, mass and ir spectra, 


2) O,O-Diacetylcyathin A, (14 mg, uncontaminated by 0O,0- 


3 
diacetylallocyathin B) was allowed to stand in methanol 
(10 ml) for a week. Evaporation yielded a residue that 
Lacked*ar absorptzon*at71745 em? and whose tlc charac- 
teristics were similar to those of cyathin Ax. Tritu= 


ration with acetone yielded crystals whose ir spectrum 


was identical with that of authentic cyathin Ax. 


Ketalization of Cyathin A. 


Crystalline cyathin A. (20 mg), dissolved in 
methanol (10 ml), was treated with a saturated solution of 
hydrogen, chloride in methanol /({10.drops) for 0.5-hr. The 
mixture was then neutralized with solid sodium carbonate 
(120 mg). Tne methanol was evaporated, the residue taken 
up in ether, the suspension filtered and, the ether evapo- 
rated eS yield cyathin A. methyl ketal (22 mg), Rp (MIP OT29.. 
This material was used to obtain spectral data without 
further purlftication?y™” hrms:™ -calcd™=ror C5 H 3903: BB042 352), 
rounds? «362. 2356% Lol ~ 154 (E58 024 , -methanol) + 
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methanol): =5 10 ° = e290°7 -7 ,900°; 


els a9 Pillage [b] 550 


cd (C, 0.24, methanol): AE 255 0.0. Mass, ir and nmr spec- 


tra are reproduced in Chapter IT. 


Hydrolysis of Cyathin A, Methyl Ketal 


Cyathin Ay methyl ketal (40 mg, obtained from 
impure cyathin Az, but itself pure according to nmr and 
tlc) was allowed tostand in acetone-water-conc hydrochloric 
meri Ue2 <1) for Loire at 32°. - The mixture was neutral— 
ized with solid sodium carbonate, filtered and most of the 
acetone evaporated under reduced pressure. The resulting 
aqueous suspension was extracted with ether, dried (MgSO,), 
filtered and evaporated to give crude product (36 mg). 

Puri beatton by ptlic (silica gel, -0.05°x720"x 20 «cm, sol— 
vent system I) gave cyathin A. (iy mg) which crystallized 
upon trituration with acetone. Identity was established 


by tlcvand ir spectrum (KEBr—pellecu)” 


Acetylation of Cyathin A. Methyl Ketal 


Cyathin A3 methyl ketal (20 mg, obtained from 
sianrstetaawaS cyathin A.) was subjected to acetylation pro- 
eeanure 3) (1.25 me acezo. and* tor at, «Or j.. —NOLK-UD 
yielded non-crystalline O-acetylcyathin A. methyl ketal 
(2Z0e ma), Re (M) 0.57, which contained traces of impurities 


(tlc). This material was used for spectral characteriza- 
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tion without further purification: hrms: calcd for C5 3H3 494! 


STa.24507%, LOUund: §35/4.24508" 17 (CC1,): NOswnvyarexyL, 1740 ene 


(ester carbonyl); uv (isooctane): end absorption only tord 


(€,20.18,-isooctane): = 7725083.) { -4,800°, 


[P1390 elosg [¢1 539 


wot ,Q0O5 <brough); .¢d Ge; Oeks,. wscoectane)cord O30: 


ews 


The mass spéctrum is reproduced in Chapter IIT? the nmr data 


ane bisted+in iTable! | Pi 


Acetylation of Allocyathin B. 


In two experiments, noncrystalline allocyathin 
B. (50 mg) was subjected to acetylation procedure 2). The 
crude product (51 mg) was purified by ptlc on 10% AgNO ,- 
Silica gel (developed with system M) to give O,O-diacetyl- 


ablocyathin Boa(24 mg)», Re (M)e0 34} Rp (AgNO M) 204477 ewha.ch 


5: fied 
could not be crystallized; uv (methanol): Eo15 14,000 


(min), 6 O00 s¢masc) > OF BEE ecitton)i; 260; 


305 ©2950 ©300 
msds, (C.% 50/52 6, smethanol)s: [olen =1' 72.00 Yea (peaki)i: w(Gi, 10.153 )°: 


[¢] 559 -9,200° (inflection), [¢] 9,9 -15,000° (inflection), 
[¢],55 ~22,000° (trough), [¢],., -18,000° (shoulder), [1,55 
+2,500° (peak); cd (C, 0.26 methanol) A€,55 +1.6 (pos max). 


(These data should be considered with caution, Since the 
Sample had undergone methanolysis to an unknown extent.) 
Mass: and ir spectra were not secured; the nmr spectrum 
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Methanolysis of 0O,0-Diacetylallocyathin B. 


O,O-Diacetylallocyathin B. (sem, Pubs sLedrat 
weber stage, by pilc on AgNO,-silica gel) was allowed to 
stand in methanol (10 ml) for a week. Evaporation yielded 
arpesitdue. that Lacked in..absorption ‘at 1745 cm + and whose 
tic characteristics |were similar to those of allocyathin 
B3- 

After storage for five months in the refrigera- 


SeOrmeche wesidue. had’ partially .wrystaviized. 


Ketalization of Allocyathin B, 


Noncrystalline allocyathin B, (31 mg), dissolved 


3 
in methanol (20 ml), was treated with a saturated solution 

Sr nyarogen -chioride in methanol (limi) for 0.5 hr. Freshly 
ground sodium carbonate (0.8 g) was added and stirred until 
the solution was neutral. Undissolved material was fil- 
tered off and the solvent removed by evaporation under 
reduced pressure. The residue was taken up in ether, fil- 
tered and evaporated to give crude allocyathin By methyl 
ketal (28 mg), which was purified by ptlc (developed with 
system M). The purified material (20 mg), Re C503 97, 
Coulda not be Crystallized hrs: calcd tor, CA ~On: 


2s Oe 


B30. 2105, 2 Lond: wool. oO Cal, wes 0m (CG 0..13, .LSOOC= 


tane); uv (isooctane): Eno9 OOO Cie), Eo56 4,200> (mas): 
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E300 Og Lordy (Ch) 0.8) tsecockane)< 750°; 


Lo] yoo 
-14,400° 


meplOoOws UC,e04.07) 2 =fJ/G, 20077 


Lo] 399 [o]553 


(trough) =i MO ONEIiIGinEteceion), =180°. (peak); 


[o] 546 


=3.6e(negumin). aMassfear 


Sae(erneoco7;s veooctane): AE on 
and nmr spectra are reproduced in Chapter II. 


Acetylation of Allocyathin B, Methyl Ketal 


3 


Impure cyathin B, methyl ketal (20 mg; not the 


3 


material mentioned above) was subjected to acetylation pro- 
Seoure Ss). ny at 30°) 1 0..5uhr, at 40°) Acetylation was 
essentially complete after 1 hr (tlc). The crude product 
(18 mg) was purified by ptlc (developed with system M) to 


give O-acetylallocyathin B. methyl ketal (6 mg, yield. much 


s 
reduced due to spillage), Ry (ME On So. witch could=s nots pe 


ervietaltized: hrms:) calcd for C5 3H350,: Se 30 ee OU Ce: 


PATE IUS [a] , =—230 9 “CeO O.-. ESOCCEaNe is 1. (CCl, ): no 
nydroxy l,° 1/40 cmt (ester carbonyl); uv (isooctane): 


2 00K (Edge © SV GOO0 MiMax lee Oromn Cra O.1 el SOOCEANE) ss 


255 
Se 


£29 9 


2750.2" -4,600°, 


[Pligg Lolagg [o] sq [Oo] 573 
-10,000 (trough), [o]oc5 =A 600° (Ine rec iron ) 5 [o]533 -90° 
(peakye cd. (€,, 0.) itscoctane): AE 43 -2.2 (neg min). 


The mass Spectrum, 1s, reproduced in Chapter If; the nmr data 


are listed in Table Aye 


Hydrogenation of Cyathin A, Methyl Ketal 


Crystalline cyathin A3 (30 mg), dissolved in 
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methanol (60 ml), was treated with a saturated solution of 
Pycrogen chileride in methanol (lL ml) "for 0.> hrs. Dry, 
freshly ground sodium carbonate (1g) was added, and the 
mixture stirred until “the solutiion was neutral pvand “then the 
insoluble material was filtered off. Palladium-charcoal 
(5%, 50 mg) was added to the filtrate and the mixture 
stirred in an atmosphere of hydrogen for 0.5 hr at room 
temperature. *“The “catalyst was removed by filtration and 

the solvent evaporated under reduced pressure. The resi- 
due was taken up in ether, filtered, and the solvent evap- 
Oraced under reduced pressure. The vcrude jproduct .(23) mg) 
consisted mainly of two components, alcohol Ady R- (M) 

0.37, and aldehyde rQs Re (MM). 05a, along with trace) amounts 


of 48, R (M) 0.70 (identified by tlc). The aldehyde (12 


ie 
mg) and the alcohol (7 mg) were separated by pric) (devel- 


oped with system M). No attempt was made to isolate 48. 
Alcohol a fapued, col Crysctallvze-s “hrmsce. calcd 


POmAC 4 0 334.2500,  fLOund .) 2540 2503) 25 (CCl, ): 


33 
(hydroxyl); mass ‘spectrum: m/e 334 (2.1), 319 


21 
3630 cm 


34 
ab 


(276), 7 £90 10100)" Lis, (40) 47. 2(7:,. 0S) (Peaks ati m/e; 220 
and 205 are omitted as they are attributed to a frequently 
encountered impurity). 

Aldehyde 50 crystallized spontaneously after 
evaporation of the solvent from the appropriate chromato- 


graphic fraction and was recrystallized from Skellysolve B. 
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The crystals formed a slush at 113-115°C, which did not 
give a transparent melt even at 135°; hrms: calcd for 
C44 H3503: 93242352) e8OUNG£ {43 32423435 [a], 397 ei Cr aO:. 22), 


isooctane); uv (isooctane): 124 (max), £22 


“Dy ©5680 


(max), 4 shoulders between 290-340 nm; ord (C, 0.22, iso- 


octane): eer 296 = 2 OF a ( ECOUGIn) Ss, 


’ Lo] 346 
+ip2e0P m(trough),, 


[6] 499 rales’, 


+, Oe (peak), [oloig9 [o] 445 


=4),,200°sa.(trough)s cda(CelOe2276¢i60- 


+1,600 (peak), [o]57 
octane) : AE. 99 +1.2 (pos max with fine structure). Mass, 


-ir and nmr spectra are reproduced in Chapter II. 


Hydrogenation of Allocyathin B, Methyl Ketal 


3 


Allocyathin B, methyl ketal (purified by ptlc, 


3 
10 mg), dissolved in methanol (20 ml), was hydrogenated 
over palladium-charcoal (5%, 20 mg) at atmospheric pres- 
sure and room temperature for 17 min. The catalyst was 
filtered off and the solvent evaporated under reduced pres- 
sure. The crude product (9 mg) consisted of three com- 
ponents, Ry (Mi DOLso 4) 075 land 0.306... Ste components «were 
separated by ptlc (developed with system M) and were found 
(see below) to be 47) (lomo), 22 (lomg) and 48 (Savi) fence = 
spectively. 

Compound fy! had the same ir spectrum and Ryo 


value as the one mentioned above, The mass spectrum dif- 


fered only siaghntly.: wm/e0s540t2.6) 73 2t97 (25.6). 190 (00), 
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Da (ADS) aT. '(B'.2 )s, 
Compound Ag had the same tlc characteristics as 
the one mentioned above; calcd for C54H3405: Ser ooo, 


EOUNGs = .o2c, 20008 tr (Cex mo hydroxyl, no: carbonyl 


me 
Pesoupe tons; Mase, Spectrum: clo? (Sells solo (o<l) )  oUStHo. LL), 
PICO taro, (43) La? ie 9) % 

Compound 42, whose ir spectrum displayed alde- 
hyde absorption, was slightly more polar than aldehyde 29 
(Ry Gislg hes Oto yak vs. 0.54). Aldehyde ae, was converted to 29 
by being allowed to stand in a saturated solution of sod- 
Zum carbonate an methanol (1 m1) for 28 hr at yoom temper— 
ature. The solvent was then evaporated under reduced pres- 
sure, the residue taken up in ether, filtered and evapo- 
rated under reduced pressure. The ir spectrum and tlc 
characteristics of the residue were indistinguishable from 
those of aldehyde 30 obtained from cyathin A,. The small 
amount (v0.5 mg)*% however, precluded” attempts"at crystal~ 
PeZactoON. 

The different product distribution has been 
attributed to the fact that the hydrogenations were car- 
ried out at different pH values: The medium was slightly 


alkaline’ in the case of cyathin A and neutral in the case 


of allocyathin B3 methyl ketal. 
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BP PEND IX al. 


Results of Microbiological Tests of Chromocyathin 


and "A,-Mixture" 


AYERST LAHURATURILCS 


~ Ne 


PRELIMINARY SCKEENING RESULTS AUGUST 1971 

AY-NUYMGER? AY-23715 FORMULA 3 C7TH664 MeWe L5%el2 

CHEMICAL NAMES 29455-TRIHYOROXYLENZALDEMYDE ({CKROMOCYATHIN) CA(KNOwN) « 

PoReNUNbeR: SUBMITTED EY: MeAcDAVIS/WMeAYER 

wISwiESSER NOTATION: NRT CHE OKO JOP : 

TESTS ORIGINALLY KEQUESTED: ANVIMICROBTAL sLD50 aire 
AY="" ORI= TEST) DATE. PROTOCOL ANT= MOA TYPE OF TEST RESULTS AND OBSERVATIONS Cb 

NUMBER GIN NO. MO YR NUMmBcR BAL NOe 


NO BIGLOGICAL RESULTS CURRENTLY AVAILABLE 


~ $$ 


NO _BICCHEMICAL RESULTS CURRENTLY AVAILABLE 


NO BIUCHEMICAL-PHARMACOLOGICAL RESULTS CURRENTLY AVAILABLE 


MICROBIOLOGICAL RESULTS 


$$$ 


ZS1S) TMADEMEOIA. 08 an] STAPHePYUGENES S MIC _LOONCG/ML NEY 
23715 WAO . 91b 08 71 STAPHePYCGENES KR miC > LOUMCG/ML Neb 
23715 MAD 91D 08 71 STREP1. FECALIS MIC > LOUMCG/NL NEV 
23715 MAD SIN 08 71 E.cOL! 198 MIC > LOUMCG/mL Ney 
23715 MAC 910_08 71 Ae AERUGENES MiGs ELOUNEG/MIE hey 
23715 MAD 9iP 08 71 SePULLORUM MIC > LOQMCG/ML Nee 
23715 MAD glu 08 71 PSs AtRUGINUSA — NIC > LOUMCG/ML NEL 
23715 MAD 91R/08 71 PrRefiIKRAcILIS. nie > LUOMCG/ML. Nev 
23715 MAD 915 08 71 PReVULGARIS MIC > LOOMCG/ML NEY 
23715 MAL Shih Ora KL e PNEUMONIAE MIC > LOOMCG/ML NEY 
23715 MAD g91U 08 71 SeMARCESCENS MIC LOOMCG/ML Neb 


AYt RST LAEGRATURIES 


PRELIMINARY SCREENING RESULTS AUGUST 1971 


AY-NUMBEK AY=-23714—-X FORMULA? MeWe 
CHEMICAL NAME: CYATHIN AB MIXTURE CAe 


Pe ofUiMBER: SUBMITTED BY: MeAeDAVIS/WNeAYER 
WISWESSER_ Sees paren Riese RP a Be ee Brel Bi, Bee Be 
TESTS ORIGINALLY REQUESTED: ANTIMICKOSIAL oL.050 

RVs). ORI@eTESTe DATE eee ANT EaMOAY ally Pe NOME ST RESULTS AND COSERVATIONS CD 


NUMBER GIN MO_YR NUDE MAL NOe 


NOEETIG CHEN CALE RESUET SE CURRENT EIA VAD LIAD Ee mama een arene eee ee UM Sep eee ee ee SO 


NO_ BIOCHEMICAL-PHARMACULOGICAL RESULTS CURRENTLY AVAILABLE i : 


MICROGIOLOGICAL RESULTS j 
23714=X HAD SIA 08 71_ STAPHePYOGENES 9 MIC 12.5eICG/NL NEW 
237 14 NMAD ELE OG) STAPHePYUGENES K MIC 250CG/FIL New 
E37T14-A AL glbD 08 71 STRIPT.* FECALIS IC 2d5iCO/HiL NEw 
2371424" TAD gin US 7) EeCCLI 198 mic > LOUMCG/NL NEW 
23714-x MAD GIST Us 4E Ae ALCRULENES | e SS ee SONI SGV ANS MEW 
PROCS RMON Ue UN a Se PULLURUM BIC > LOuvHCGsHE Nev 
23714-x_i4aL glu 68 71 PSe ALRUGINUSA MIC > LOUMCG/ML NEW. 

DS DES Ae ALT OL Ogi mey Lee i em Pia ali nen lies “HIG LQURCOsEL New 
23714-% HAL Oo Us Paria: Pre VULGARIS La Ke LO0MCEG/ iL NEw | 
~“23714=A MAD 91T Us 71 KLerNcuMOlWIAE nic > LULHCG/SL hw 


23714-K WAU 91U O8 71 SeMARCESCENS ink 1LOOMCO/HL __ NeW 
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APPENDIX 2 


Crystal and, Molecular Structure of Cyathin A. 


(Condensed version of a communication by M.J. Bennett 


and R.M. igler a . 


yCyathin A. crystallizes as colorless prisms 
in the orthorhombic space group a ay = ko. 22/3 
CE) eo et Oper deere C= 76.629, (1) A, ge AS eS 
Significant (I/o(i)>3) independent intensities were 
measured onm.a Picker four circle diffractometer 
by the coupled w/28 scan method using CuKa radia- 
tion. The structure was solved by direct methods 
and Nas oeen Terined T<Owaworesenn conventional R 
factor Of 70.037, ALL hydrogen atoms have been 
located. 

Solution of the structure has revealed that 


cyathin A, crystallizes in the hemiketal form, 


The LS ee structure and pertinent bond dis~ 
tances are given inipthe figure.: A prominent, struc- 
tural feature of the molecule is that both six- 
membered rings assume chair conformations. Both 
five-membered rings show significant deviations 
from planarity. When bond shortening effects 

due to thermal motion are taken into considéra- 
tion all bond distances within the molecule com- 


pare reasonably with expected values." 
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Molecular geometry of cyathin A... 
Numbers in parentheses are the estimated 
standard deviations in the last figure quoted. 


Hydrogen atoms have been omitted for clarity. 
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